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TITLE 



Receptor far Oncostatln M and Leukemia Inhibitory Factor 



Receptors that bind specific molecules (e.g., a hormone, drug, cytokine, or 
biochemical) have been identified on a multitude Of cell rypes. Receptors arc found on 

15 the cell surface or, in the case of Boluble receptors, are released into the serum. Effort 
has teen directed toward isolation and characterization of a number of receptors in 
order to study their physiological roles and to explore possible therapeutic uses. The 
binding of a particular target molecule by a soluble receptor administered to a patient 
may alleviate disorders mediated by the target molecule. 

20 Certain receptors have been found to comprise two separate polypeptide chains 

associated in the form of a complex. Such two-chain receptors often bind the target 
molecule with greater affinity than mat exhibited by one of the chains alone. 

Leukemia inhibitory factor (LIF) is a polypeptide hormone that plays a central 
role in the regulation of diverse adult and embryonic systems. LIF acts on a variery of 

25 cell types and has multiple biological activities. The diversity in biological activity is 
reflected in the various synonyms of LIF, which include hepatocyte stimulating factor 
IH (Baumann and Wong, J. Immunol i4J:ll63 [1989]); cholinergic nerve 
differentiation factor (Yamamori et aL. Science 246: 1412 [1990)); mclanoma-dcrived 
Apoprotein lipase inhibitor (Mori et aL, Biochem. Biophys. Res. Comm. 760:1085 

30 [1989]); human interleukin for DA cells (Moreau et aL, Nature, 336:690 [1988]); 
differentiation factor CTomida et aL, /. Biol Chem. 2JP:10978 [1984]); differentiation 
inhibitory factor CAbe et aL. /. BXol Chan. 264; 8941 [1989]); differentiation 
inhibitory activity (South and Hooper, Devel Biol;. 12h\ [1987]); and differentiation 
retarding factor (Koopman and Cotton, Exp. Cell Res. 254-233 [1984]. 

35 The cloning of a leukemia ixmibitory factor receptor (LJF-R) has been reported 

by Gearing et aL in EMBO J. 70:2839 (1991). This recombinant single-chain LJF-R 
polypeptide binds LIF, but with lower affinity than the naturally occurring LTP 
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«eeoiorefonnd on cmain Donnfil ccDs. A reciter that binds LIF with highCTatrMty 

""""S^BrnMl. . »oe^ ringle^unpolypepa* cytoHne tbatreg^ 

5 S^d cells. A number of ceH types have been found totad .he 

• x/r««,r«ti See. for example, Linslcy et aL, /- BioL Chem., 
oncostann M proton- aee. iot ^ ' . 

a98 50. However, the isolation and cWae^annn of an oncosuua M receptor have 

not been reported- 
10 sn r««T OP "TORNTTON 

oncostarln M and lealcemfa inMbinny factor (12?). n» receptor comprises spl30 
° (-refarf*. cov.dB.fly) to leukemia innibittny factor recepwr (UF-S). B» 

. ^invention, the receptor is a fosion protein prodoced by recon^ili^ DNA 
iLczy. murders mediated by either oncost** M or UF may be treat* by 

20 aSEcted with such e disorder. 

Flguie lis a ^ph p^cn^g ** xeaul* of ^ UF bindinfi aw Host cc* 
ttar^t-ixh exuding gpl30 orUF-R were ^ayed for the abihry to bmd 

25 iJF.as described in example 1. ■ 

Kjraro 2 is a graph pitting the results of an oncemtm M bmdtng assay- 
Ho,, ce ^ nE fecied*M.y I c 1 orC.) encoding gplM orUF-R «« assayed for the 
4 ^„biadoMos=m>M.as<fe S nrn»^inexan 1 plet _ ^ . ^ _ 

30 transfeaed wift a gpl30 encoding expression vector, as described in ^« * 

Hgure 4 scheroaflcally depict, a receptor of 4. present .nvennon wneretaK 
j.aypeptfrte derived from an -&* are used to ant » BMOfiw— »•!« 

'"^"^re 5 present, composite DMA and encoded amino acid science* of a full 
M ■ength^de*^ by cotr^the sequence*^ 

^^be^ytmdedined. Potential N-linicd glycogen aites ara ma*ed *nrb 
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asterisks. Hallmark residues associated with the hematopoietin family of receptors are 
shown boxed. The horizontal arrow marks the point at which genomic sequence was 
used to derive the 3' coding region of LIF-R, since the cDNA clones employed in 
determining this sequence terminated with a stretch of A nucleotides at this point 
3 Figure 6 presents the DNA and deduced amino acid sequences of cloned gpl30 ■ 

cPNA be reported by Hibi et al. in Cell 63:1149 (1990). A predicted signal sequence is 
underlined. The thick underline indicates a presumed transmembrane region. The sets 
of asterisks identify possible N-glycosylation sites. 

' Figure 7 presents Scatchard analyses that demonstrate the interaction of a 
10 soluble gpl30/Fc fusion protein with soluble LIF-R/Fc in binding LIP and oncostatin 
M, as described in example 7. 

TffiTftTT *T) DE^TpT^nN flF THK TNVF.NTTON 

15 The present invention provides a receptor comprising gpl30 covalently linked 

to leukemia inhibitory factor receptor (LIF-R). In another embodiment of the 
invention, the receptor comprises gpl30 non-covalently complexed with LIF-R. The 
receptor is capable of binding oncostatin M, and also binds leukemia inhibitory factur 
(UF). The receptor thus is useful for treating disorders mediated by either oncostatin 

20 MorUF. 

The gpl30 may be covalently linked to the LIF-R by any suitable means, such 
a6 via a cross-linking reagent or a polypeptide linker. The gpl30 and UF-R proteins 
are covalently linked in a manner that docs not interfere with the resulting receptor's 
ability to bind oncostatin M and LIF. In one embodiment of the invention, the receptor 

25 lsafudonproidninTXlucedbyrttom 

Non-covalent bonding of gpl30 to LIF-R may be achieved by any suitable 
means that does not interfere with the xeccptofs ability to bind oncostatin M and LIF. 
In one approach, a first compound is attached to LIF-R and a second compound that 
will non-covalently bond to the first compound is attached to gpl30. Examples of 

30 such compounds are biorin and avidin. The receptor is thus formed through the non- 
covalent interactions of biotin with avidin. In one embodiment of the invention, LIF-R 
and gpl30 arc recombinant polypeptides, each purified from recombinant cells and then 
non^ovalently bonded together to form the receptor. A host cell may be transformed 
with two different expression vectors such that both UF-R and gpl30 are produced by 

35 the recombinant host cell. LIF-R and gpl30 (one or both of which arc soluble 
fragments as described below) produced by such transformed host cells may associate 
to form a complex through non-covalent interactions. 
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"leukemia inhibitory factor receptor" (LIF-R) refer* to a protein (a cytokine 
^tox) thar is p-cnt on the surface of varies hematopo** 
m Jocyte-n^crophage, and ^gakaryocytes, and on -"^^^ 
wJSg oaeobla^placcntal trophoblasts, and liver pa-ch ym* e*L 1«* 
< ^ahW bmding leukemia inhibitory factor (LIF) mdcculca and plays a role m 
5 ^c^ ^al provide, by LIF to a call In the ^ o^ y jed« 

limited to, human, murine, and bovine LIF-R. _™niP» 
lie cloning of human and mrnine leukemia inhibitory factor ™^j^ R) ; 
10 each a ^le poljpepdde chain, ha, been reported by Gearing et *L in 

^2839 (1991), which is hereby incorporated by reference in » wmxtay. TbcDNA 

^^en^ of a human LIF-R cDNA clone and the amino ac ^J^° eaC ^^^^^^^^^ 

^showninSEQIDNaSandSHQID^o. 

EL** fragment of human LIF-R that includes (in order from 

ln*»rt a 44-amino acid signal sequence (amino adds -44 to -1), the entire 
15 tenmnus) a 44-ammo ~* . ^ ^ which ^ amino 

exxiaceUular region, a tiansmcnjbrancTcpon (me first aniino acia^ 

add aumber 790 of SEQ ID NO: 5) and a portion of the cytoplasnnc ^ J*^ 
of ^fragment includes amino adds encoded by a poly-A segmentandbya 
r^Lloved invecu^r consrmctinn. as described in Gearing et aL, supra. Theterm 

ADlasmW vector ccoitammg the •above-descTiDen cion«i 

^r^tac&nccncn on December U, 1990 (ATCC aeossxm no 6M91). Tte 

p* aL sM»r* and are presented herein In Figure 3- 

^l^Ren^dTby*. doned cDNA (SEQ ID NO: 6) — 
^n—Duta: tepon of LIF-R (the domain believed to be responsible for tneLJF- 
_ >^Mnnfl!acTrviry^fflid binds LIF, bnt with lower affinity than does a nararally occurring 

<ChLrin« « aL, y« K^S**- 4*1. 1992) but did not bind » *e aboye-desenbed 
cloried LIF-R expressed in COS cells. . 

• .ui^rhedanedsn^solype^ 
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cDNA library (also contained in an expression vector). The co-transfected cells were 
assayed for the ability to bind radiolabeled oncostatin M. 

A positive cDNA pool was subdivided and the procedure repeated to isolate a 
Single cDNA clone designated BlOG that conferred the ability to bind oncostatin M on 
5 cells co-transfected with BlOG and the LIF-R encoding plasmid pHLIFR*65. The CO- 
tr&nsfecxed cells also were found to bind UF with higher affinity than cells transfected 
with pHLIFR-65 alone. Host cells transfected with BlOG alone exhibited low affinity 
oncostatin M binding sites. The BlOG cloned cDNA was sequenced and found to 
encode a protein that is known as gpl30. 

10 Thus, it has now been found that a receptor comprising both LIF-R and gpl 30 

binds LEF with higher affinity than does the single-chain LIF-R polypeptide alone. The 
improved LEF binding of LIF-R in combination with gpl30 is described in example 1 
below and depicted in Figure 1. 

Although UF does not bind to either high- or low-affinity oncostatin M 

15 receptors, it has now been found that oncostatin M binds to the receptors of the present 
invention comprising LIF-R and gpl 30. Oncostatin M binding is described in example 
2 below and depicted in Figure 2. 

' A protein known as gpl30 has been purified from cellular sources that include 
• placental tissue and a myeloma cell line U266. A number of additional cell types have 

20 been found to express gpl30 mRNA, as reported by Hibi et ah, in Cell 63:1 149 
(1990). gpl 30 has been reported to be involved in the formation of high affinity 
interlcukin-6 binding sites and In IL-6 signal transduction (Hibi ct al. supra). The 
cloning and expression of cDNA encoding a full length gpl 30 protein has been 
reported by Hibi et aL, supra, which is hereby incorporated by reference in its entirety. 

25 The DNA and deduced amino acid sequences reported by Hibi et al. far the gpl30 
cloned cDNA are presented herein in figure 6. The gpl30 amino acid sequence may 
vary from that reported by Hibi et al., e.g., leucine may be substituted fox valine at 
position 8 in the signal sequence (numbering is as shown in Figure 6). This amino acid 
substitution may be attributable to genetic polymorphism (allelic variation among 

30 individuals producing the protein), and results from the presence of C rather than G at 
nucleotide position 22. 

As used herein, the term LIF-R includes variants and truncated forms of native 
LIF-R proteins that possess die desired LIF-binding or signal transducing activity, 
likewise, the term gpl 30 as used herein includes variants and truncated forms of the 

35 native gpl30 protein that retain the desired biological activity. For gpl30, the desired 
biological activity includes binding of oncostatin M; conferring on the inventive 
receptor the ability to bind oncostatin M; and increasing the affinity of the inventive 
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receptor for IIP. compared to the LIF binding affinity of the smgle-chain 
polypeptide alone. Specifically included are truncated, soluble or fusion forms ofUF- 
R and gpl30, as described below. Variants produced by adding, substituting, or 
deleting amino add(s) in the native sequence are discussed In more detail below. 
5 Oneexair^leofanlJF-Rpol^^ 

me cDNA clone designated pHUF-R-65 (SEQ ID NO: 5). as described by Gearing ct 
aU^andlnexampleSbelow. Alternatively, afegm^^ 

io 945 of SEQ ID NO:5 may be employed. Amino add 943 is the last LlF-R-specifie 
amino add of the polypeptide encoded by clone pHLIF-R-65. before the poly-A 
10 nucleotide aegment beHeved to result from oligoCdT) priming at an internal site m the 
ntfNA dtnmg preparation of the bUF-R cDNA. (See Gearing etaL,SMBO J^supra. 

at page 2840, column one.) 

Other examples of LIF-R polypeptides that may be employed an the invennve 
receptors include those lacking all or part of the transmembrane region ox the 

15 cytoplasmic domain of the proxem. Suitable LJF-R polypeptides thus include those 
containing amino acids 1-x or. when the signal sequence is not desired, ammo acids 
45-x of the full len£th LIF-R. sequence depicted in Hgure 5, wherein x represents an 
integer from 833 to 1096. Amino acid number 833 Is the last amino acid of me 
amrrVril*- domain (Lc, before the start of the tran^embnm* region.) Polypeptides 

20 termmarixig in amino acid number 1096 lack the last C-temrinal amino arid of the full 
length protein. The desirability of including the signal sequence depends on such 
factors as the position of LIF-R in a fusion protein, as discussed below, and the 
intended host cells when the receptor is to be produced via recombinant DNA 
technology. Note that me numbering of annnoaddsinHgureS (taken from Gearing ct 

25 al. supra) differ* from that of SEQ ID NO: 5 because me fh« amino acid of me signal 
sequence is designated amino .add number 1 in Hgure 5 but is designated -44 in SEQ 
ID NO: 5. Other polypeptides may be chosen with regard to sequences that are 
conserved in the hematopoieiin receptor family. fcc. chosen to include the boxed 

sequenceCs) shown in Hgure 5.) 

30 One example of a suitable £pl30 polypeptide is thai encoded by cDNA cloned 

into plasmid vector pDC303 to produce a plasmid designated B10G. The source of 
mRNA used in producing the cDNA was human placental tissue. Plasmid B 10C mE. 
coU Strain DH5ct host cells was deposited with the American Type Culture Collection, 
Rockvflle* Maryland, on November 14, 1991. and assigned ATCC accession number 

35 68827. 

Tic DNA sequence of the gpl30 cDNA contained in plasmid B10G and die 
annuo add sa/pmce of the^ 
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SEQ ID NO; 1 and SEQ 3D NO: 2. The protein comprises (in order from the N- 
teiminus to the C-teiminus) a 22-araino acid signal sequence, complete extracellular 
domain (amino adds 1-597), a transmembrane region (beginning with amino acid 598), 
and aparrial cytoplasmic domain (amino acids 621*686). This truncated gpl30 
5 polypeptide differs from the equivalent portion of the Hibi et al. protein in that the 
eighth amino acid of the signal sequence is leucine rather than valine, as discussed 
above. 

Another example of a suitable gpl30 polypeptide comprises amino acids 1 to 
496 of the SEQ ID NO: 1, whioh includes all of the cysteine residues found in the 
10 extracellular domain of the protein, and also contains a complete fibronectin domain. 
Additional examples of gpl 30 polypeptides are those comprising amino acids 1-298 or 

98-298 of SEQ ID NO: 1. 

Other gpl30 polypeptides lacking all or pan of the transmembrane region and/or 
cytoplasmic domain may be employed. Suitable gpl30 polypeptides thus include those 

15 containing amino adds 1-x or, when the signal sequence is not desired, amino acids 
23-x of the Figure 6 sequence, wherein x represents an integer from 619 to 917. The 
first amino add of the transmembrane region is the alanine residue at position 620 in 
Figure «. Polypeptides Terminating at amino add 917 lack the last C-terminal amino 
add of the full length protein presented in Figure 6. Note that the numbering of amino 

20 adds in Figure 6 (taken from Hibi et aL, sipro) differs from that shown in SEQ ID NO; 
1 and NO:2 because the first amino add of the signal sequence is designated amino add 
number 1 to Figure 6 but is designated -22 to SEQ ID NO: 1. Regions of the gpl30 
protein corresponding to domains that are conserved among certain receptors are 

discussed by Hibi et al, supra* « P»se 1 130 » column 2 » ™ d P agc n51, column 1 - 
25 Other truncated gpl 30 polypeptides chosen to include these conserved regions may be 

employed. 

Preferred LTF-R and gpl 30 polypeptides are those which are soluble. In one 
embodiment of the present invention, the receptor comprises soluble LTF-R covalcndy 
attached to soluble gpl30. "Soluble UF-R" as used in the context of the present 

30 invention refers to polypepddes that are substantially similar in amino add sequence to 
all or part of the extracellular region of a native LTF-R and that, due to the lack of a 
transmembrane region that would cause retention of the polypeptide on a cell 
membrane, ere secreted upon expression. The soluble L1F-R polypeptides that may be 
employed retain the ability to bind LTF or. by competitively binding UF. inhibit LTF 

35 signal transduction activity via cell surface bound LTF-R proteins. Soluble LTF-R may 
also indude part of the transmembrane region or pan of the cytoplasmic domain or 
other sequences, provided that the soluble LTF-R protein is capable of being secreted. 
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likewise the tcnn "soluble as used herein refers to proteins that are 

I^O^secre^c^ 

, o4l _ sennmces, as Ions as lie polypeptide ia secreted. . . Jfc _ 

ILTuF-R - 8P130 may he identifled (and *»*^J*- 

* .vheii ™»k Sop tie culture meiBnm. by centtrfugMK.il, ana 

^bed in the examples tetow. H» J™-" rf " ff , " 73^ 
^ te u» proton <va* secreted «« cells and thus 1* a ->^=rf^ 

£X>** 4ble LIF-R and soluble splSO may b. £ 
r^dn. Cloning of » nanirally-occmims soluble mums LIF-R u reponedm 
thews**™.. ao ^ g " , ' le fe^en* of Iff* and eplM protein. 
IS Gearing OaUswra- AlKmanmily, aoniw. Ascribed 
J^produced by xecomhinautDNA rechnotairy or others "ctoed, as described 

MDW " ^ us. cf soluble J*** of LIF-R and JplM is adva^geoua for «naia 
A . , , recombinani host edOs is facilitated. 

20 since the soluble proteins are secreted from ^J^pemfc 

^^rhhyHnaLIFar^or^stailnMllniheblcodnreain. 

^Ze UP* polypeptide include those compisins the sisnal sequence and 

* ^ ^ett containing *e entire e^ulax domain (amino acid, 1 » 7»* 
iTnO: 5). Solubie gpiSO polypeptides tndude those '^^^^ 

^oTsSffiTo: ». The prcpa»ion and us. of these soluble polypeptides to 

among the members of the hematopoietrn receptor ranmy v , ^^j, ^ 

1 C B xLno a c 3 d3ll-470of S EQlDNO:6. ^'^^^^^Z 

J« to a C-termintt* selected rxom any of amino adds 479 through 789. 

pcoteai extends to a ur-TOBuau* n/v? i „ 7Q2. -44 - 775. or 1 - 

Two such soluble proieiBS comprise ammo aads -44 - 702, 1 - 702, -44 TO, 
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755 of SEQ 3D NO:6. Constructs encoding these proteins may be prepared by 
techniques that involve cleaving the human LIF-R cDNA of the above-described clone 
pHUFR-65 (ATCC 68491) with the restriction endonucleases Asp7J8 and XmnJ or 
with Asp728 and Bspl286L Asp 7JB cleaves the vector upstream of the inserted LJF- 
5 R-encoding cDNA. XmnJ cleaves within the codon fox Asp ai position 702 
(generating blunt ends) and Bsp 12861 cleaves just 3' of the codon for Val at position 
775 of SEQ ID NO:5. If desired, an oligonucleotide may be ligated to the 3* end of the 
Asp7WBspl286I fragment to extend the LIF-R sequence, e.g.. through amino acid 
number 789. An oligonucleotide also may be ligated to the 3' end of a LIF-R fragment 
10 to add the first two amino adds of the Fc polypeptide described in example 5, and a Bgl 
E aite useful for attaching the rest of the Fc sequence downstream of the LIF-R 
sequence. 

Additional soluble human LIF-Rs comprise amino acids 1-678 or 1-680 of SEQ 
ID NO:6. When the human and murine LIF-R amino acid sequences disclosed in 

15 Gearing et &L, EMBO J* supra, are aligned (with gaps introduced to maximize identity 
between the two sequences), amino acid 680 of the human sequence is aligned with the 
last amino acid of die murine protein, and amino acid 678 is the last amino acid of the 
human sequence that is identical to a corresponding amino add in the murine sequence. 
- Sine* the murine protein binds UF, the murine LIF-R contains that portion of the 

20 protein required for LIF binding. 

An additional example of a soluble gpl30 polypeptide comprises amino acids - 
22 to 582 of SEQ ID NO:2. An expression vector encoding such a protein was 
constructed in example 7. Soluble LIF-R and gp 130 polypeptides also include those 
from which flbronecun type m (FNIH) domains have been deleted. From one to all of 

25 the FNUI domains may be deleted, providing the advantage of reducing the size of the 
pro win. Preparation of such LIF-R and gpl30 proteins is described in example 8. 

Truncated LIF-R and gpl 30, including soluble polypepddes, may be prepared 
• by any of a number of conventional techniques. In the case of recombinant proteins, a 
DNA fragment encoding a desired fragment may be subcloned into an expression 

30 vector. Alternatively, a desired DNA sequence may be chemically synthesized using 
known techniques. DNA fragments also may be produced by restriction endonuclease 
digestion of a full length cloned DNA sequence, and isolated by electrophoresis on 
agarose gels. Linkers containing restriction endonuclease cleavage site(s) may bo 
employed to insert the desired DNA fragment into an expression vector, or the fragment 

35 may be digested at cleavage sites naturally present therein. Alternatively, proteins may 
be fragmented using proteolytic enzymes, for example, and the desired truncated 
polypeptide Isolated from the digestion mixture using reversed phase HPLC. 
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isolate a^DNA a. qo ence encoding a desired protein *„» H- ■ 

5 be ployed to ddete temanal nudeondea from a DNA ftago^t ,0 obarn affc^m 

BgNed to *e blunt end, product by Bal 1 » 
^^onendonnel.-cfcavageateCs). "^•°^^tay^ 
ZZzu* the N- or & temtas of a DNA fragment «» . dermal ^ J« 
„ "J rf ^A li. oH^odeodde may contain a resnlcdon endonncle« cleavage a» 

10 synnWied. lie ongoing ' . . ._ _„ initiation codon CATO) at me 
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peptide linker sequence. Other near neutral amino acids, such as Thr and Ala, may also 
be used in the linker sequence. Examples of such polypeptide linkers are presented 
below. 

Another type of polypeptide linker that may be employed comprises the Fc 

5 region of an antibody. An Fc polypeptide is attached to the C^tenninus of LIF-R or of 
the LIF-R fragment. A separate Fc polypeptide is attached to the C-tenninus of gpl30 
or of the gplSO fragment. The two resulting polypeptide chains may be combined in a 
buffered solution, whereupon disulfide bonds form between the two Fc polypeptides 
<e.g., in the so-called hinge region, where interchain disulfide bonds are normally 

10 present in antibody molecules). Preferably, a host cell is transformed with DNA 
encoding both polypeptides such that the two polypeptides are co-expressed and 
intercnain disulfide bonds form in the host cell. LIF-R is thus covalenily linked to 
gpl30 via the disulfide bonds in the linker portion of the receptor. Procedures for 
ieolating the Fc region of an antibody are well-known and include proteolytic digestion 

15 with papain. Alternatively, an Fc polypeptide may be produced by recombinant cella or 
chemically synthesized. Also useful are N-terminal fragments of an antibody Fc region 
that contain the cysteine residues involved in disulfide bond formation at the hinge 
region. One example of a receptor containing an Fc polypeptide linker is illustrated in 
example 5 below. The receptor is depicted in Figure 4. The number and position of 

20 disulfide bonds may vary from those shown in Figure 4. 

Additional examples of LIF-R/Fc and gpl30/Fc fusion proteins useful in 
preparing receptors of the present invention are described in examples 7 and 8. 
Advantageously, host cells are co-transfected with two different expression vectors, 
one encoding soluble LIF-R/Fc and the other encoding soluble gpl30/Fc. The 

25 heterodimer is believed to form intracellularly or during secretion. 

Homodimers comprising two LIF-R/Fc polypeptides or two gpl30/Fc 
polypeptides linked via disulfide bonds are also produced by certain of the transfected 
host cells disclosed herein. The LIF-R/Fc homodimers are useful for binding LIF and 
the gpl30/Fc homodimers find use in binding oncostarin M. The homodimers may be 

30 separated from each other and from the heterodimer by virtue of differences in size 
(e.g.. t>y gel electrophoresis). The heterodimer also may be purified by sequential 
innnanoaffinity chromatography (described below). 

In an alternative embodiment, a first fusion polypeptide comprising gpl30 (or 
fragment thereof) upstream of an antibody light chain (or a fragment thereof) is 

35 prepared. A second second fusion polypeptide comprises LIF-R upstream of an 
antibody heavy chain (or a heavy chain fragment, the N-terminus of which extends at 
least through the ChI region. Disulfide bondfc) form between the gplSO-light chain 
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A DNA sequence encoding a fusion protein is constructed using recombinant 
DNA techniques to insert separate DNA fragments encoding gpl30 and LIF-R .Into an 
appropriate expression vector. The 3' end of a DNA fragment encoding gpl30 is 
ligated (via the linker) to the 5' end of the DNA fragment encoding LIF-R with the 

5 reading frames of the sequences in phase to permit translation of the mRNA into a 
angle biologically active fusion protein. Alternatively, the 3' end of a DNA fragment 
encoding LIF-R may be ligated (via the linker) to the 5' end of the DNA fragment 
encoding gpl30, with the reading frames of the sequences in phase to permit Translation 
of the mRNA into a single biologically active fusion protein. A DNA sequence 

10 encoding an N-texminal signal sequence may be retained on the DNA sequence 
encoding the N-ierminal polypeptide, while stop codons, which would prevent read- 
through to the second (C-tenmnal) DNA sequence, are eliminated . Conversely, a stop 
codon required to end translation is retained on the seeond DNA sequence. DNA 
encoding a signal sequence is preferably removed from the DNA sequence encoding the 

15 C-tenmnal polypeptide. 

Suitable polypeptide linkers comprise a chain of amino acids, preferably from 
20 to 100 amino acids in length and most preferably from 30 to 60 amino acids in 
length. As discussed above, the linker advantageously comprises amino acids selected 
• from the group consisting of glycine, asparagine. serine, threonine, and alanine. 
20 Examples of suitable polypeptide linkers include, but are not limited to, (Gly4Ser) n , 
wherein n is 4-12, preferably 8, and (GtoSerGlyjSerh. 

A DNA sequence encoding a desired polypeptide linker may be inserted 
between, and in the same reading frame as, the DNA sequences encoding gpl30 and 
LIF-R using any suitable conventional technique. For example, a chemically 
25 synthesized oligonucleotide encoding the linker and containing appropriate restriction 
endonudease cleavage sites may be ligated between the sequences encoding gpl30 and 
LIF-R. 

Alternatively, a chemically synthesized DNA sequence may contain a sequence 
complementary to the 3' terminus (without the stop codon) of either gpl30 or LIF-R, 
30 followed by a linker-encoding sequence which is followed by a sequence 
complementary to the 5' terminus of the other of gpl30 and LIF-R. Oligonucleotide 
directed mutagenesis is then employed to insert the linker-encoding sequence into a 
vector containing a direct fusion of gpl30 and LIF-R. 

The present invention provides an isolated DNA sequence encoding the above- 
35 described fusion proiein comprising gpl30, LIF-R, and a polypeptide linker, and also 
' provides recombinant expression vectors containing the isolated DNA sequence. 
"Expresricm vector" refers to a replicable DNA construct used to express DNA which 
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amplification within the host. Examples of suitable prokaryotic hosts for 
transfonnarion include E. coti, Bacillus subrilis, Salmonella typhimurium, and various 
species within the genera Pseudomonas, Streptomyces, and Staphylococcus . although 
others may also be employed as a matter of choice Higher cukaryoric cells include 
5 established cell lines of mammaBan origin. Cell-free translation systems could also be 
employed to produce fusion protein using RNAs derived from the DNA constructs of 
the present invention. Appropriate cloning and expression vectors for use with 
bacterial, fungal, yeast, and mammalian cellular hosts are described by Pouwcls ct aL 
{Cloning Vectors: A Laboratory Manual, Elsevier, New York, 1985), the relevant 

10 disclosure of which Is hereby incorporated by reference. 

Useful expression vectors for bacterial use can comprise a selectable marker and 
bacterial origin of replication derived from commercially available plasmids comprising 
genetic elements of the well-known cloning vector pBR322 (ATCC 37017). Such 
commercial vectors include, for example. pKK223-3 (Pharmacia Fine Chemicals, 

15 Uppsala, Sweden) and pGEMl (Promega Biotec, Madison, Wl, USA). These 
pBR322 "backbone" sections are combined with an appropriate promoter and the 
structural sequence to be expressed. E. coK is typically transformed using derivatives 
of pBR322. a plasmid derived from an E. coli species (Bolivar ct al., Gene 2:95, 
1977). pBR322 contains genes for ampicillin and tetracycline resistance and this 

20 provides simple means fbr identifying transformed cells. 

Promoters commonly used in recombinant microbial expression vectors include 
the b-lactamase (penicillinase) and lactose promoter system (Chang ct al.. Nature 
275:615, 1978; and Goeddel et aL, Nature 281:544, 1979). the tryptophan (trp) 
promoter system (Goeddel et aL, Nucl. Acids Ra. 8:4057, 1980; and EPA 36,776) 

25 and tac promoter (Maniaris, Molecular Cloning: A Laboratory Mamal, Cold Spring 
Harbor Laboratory, p. 412, 1982). A particularly useful bacterial expression system 
employs the phage X PL promoter and cI857ts thermoinducible repressor. Plasmid 
vectors available from the American Type Culture Collection which incorporate 
derivatives of the X PL promoter include plasmid pHUB2, resident in E. coli strain 

30 3MB9 (ATCC 37092) and pPLc28. resident in E. coli RR1 (ATCC 53082). 

The recombinant receptor proxein may also be expressed in yeast hosts, 
preferably from Saccharomyces species, such as 5. cerevisiae. Yeast of other genera 
xachtxPichia or Kluyveromyces may also be employed.' Yeast vectors will generally 
contain an origin of replication from the 2pm yeast plasmid or an autonomously 

35 replicating sequence (ARS), a promoter, DNA encoding the receptor fusion protein, 
sequences for polyadenylation and transcription termination and a selection Bene. 
• Preferably, yeast vectors will include an origin of replication and selectable markers 
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Various r""™" ™ 1 ™" or insect cell culture systems can be employed to express 
recombinant protein. Baculovlxus systems far production of heterologous proteins in 
insect cells are reviewed by Luckow and Summers, BiofT echnology 6'A1 (1988). 
Examples of suitable mammalian host cell lines include ihe COS-7 lines of monkey 
5 kidney cells, described by Gluzman (Cell 25:175, 1981), and other cell lines capable of 
expressing an appropriate vector including, for examples. L cells. C127. 3T3. Chinese 
hamster ovary (CHO), HeLa and BHK cell lines. Mammalian expression vectors may 
comprise non-transcribed elements such as an origin of replication, a suitable promoter 
and enhancer linked to the gene to be expressed, and other 5* or 3' flanking 

10 nontranscribed sequences, and 3" or 3' nontranslated sequences, such as necessary 
ribosome binding sites, a poly-adenylarion site, splice donor and acceptor sites, and 
transcriptional termination sequences. 

The transcriptional and translational control sequences in expression vectors to 
be used in transforming vertebrate cells may be provided by viral sources. For 

15 example, commonly used promoters and enhancers are derived from Polyoma, 
Adenovirus 2, Simian Virus 40 (SV40), and human cytomegalovirus. DNA sequences 
derived from the SV40 viral genome, for example, SV40 origin, early and late 
promoter, enhancer, splice, and polyadenylarlon siies may be used to provide the other 
genetic elements required for expression of a heterologous DNA sequence. The early 

20 and late promoters are particularly useful because both are obtained easily from the 
virus as a fragment which also contains the SV40 viral origin or replication (Fiers et aL, 
Nature 273:113. 1978). Smaller or laraer SV40 fragments may also be used, provided 
the approximately 250 bp sequence extending from the Hind m site toward the BgR 
site located in the viral origin of replication is included. Exemplary vectors can be 

25 constructed as disclosed by Okayama and Berg (Mol. Cell. Biol. 3 :280, 1983). 

A useful system for stable high level expression of m ammali a n receptor cDNAs 
in C127 murine mammary epithelial cells can be constructed substantially as described 
by Cosman et aL (Mol. Immunol. 25:935. 1986). 

Particularly preferred vectors for expression of the inventive receptor as a 

30 fusion protein are described in the examples below. The foregoing discussion is. of 
course, applicable to the production of recombinant fusion proteins comprising a 
fragment of gpl30 and/or a fragment of LIF-R. Suitable fragments are discussed 
above, and DNA sequences encoding such fragments may be inserted into the above- 
■ described expression vectors. 

33 The present invention provides a process for preparing the recombinant receptor 

of the present invention, comprising culturing a host cell transformed with an 
expression vector comprising a DNA sequence that encodes said receptor under 
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steps. Microbial cells employed in expression of recombinant fusion proteins can 
disrupted by any convenient method, including free2e-thaw cycling. sonication. 
mechanical disruption, or use of cell lysing agents. 

Fermentation of yeast which express fusion proteins as a secreted protein 
5 greatly simplifies purification. Secreted recombinant protein resulting from a large- 
Bcale fermentation can be purified by methods analogous to those disclosed by Urdal et 
al. </. Chronuaog. 296:111, 1984), involving two sequential, revcrsed-phase HPLC 
steps for purification of a recombinant protein on a preparative HPLC column. 

The present invention also provides a pharmaceutical composition comprising a 
10 receptor protein of the present invention with a physiologically acceptable carrier or 
diluent Such carriers and diluents will be nontoxic to recipients at the dosages and 
concentrations employed. Such compositions may, fox example, comprise the receptor 
protein In a buffered solution, to which may be added antioxidants such as ascorbic 
add, low molecular weight (less than about ten residues) polypeptides, proteins, amino 
13 adds, carbohydrates including glucose, sucrose or dextrins, chelating agents such as 
EDTA, glutathione and other stabilizers and excipients. The receptor of the present 
Invention may be administered by any suitable method in a manner appropriate to the 
indication, such as intravenous injection, continuous infusion, sustained release from 
implants, eta. 

20 The DNA and/or amino add sequences of gpl30 and LTJF-R may vary from 

those presented in SEQ ID NO: 1 and SEQ ID NO: 5. Due to the known degeneracy of 
the genetic code, there can be considerable variation in nucleotide sequences encoding 
the same amino acid sequence. The DNA sequences capable of hybridizing to the 
native DNA sequence of SEQ ID NO: 1 or SEQ ID NO: 5 under moderately stringent 

25 conditions (50*C, 2 X SSC), and which encode a biologically active gpl30 or UF-R 
polypeptide, are also considered to be gpl30-encoding or UF-R-encoding DNA 
sequences, respectively, in the context of the present invention. Further, certain 
mutations in a nucleotide sequence which encodes UF-R or gpl30 will not be 
expressed In the final protein product. For example, nucleotide substitutions may be 

30 made to enhance expression, primarily to avoid secondary structure loops in the 
Transcribed mRNA (see EPA 75.444A, incorporated herein by reference). Other 
alterations of the nucleotide sequence may be made to provide codons that are more 
readily translated by the selected host, e.g., the well-known E. coli preference codons 
for E. coll expression. 

35 The amino acid sequence of native gpl30 or LIF-R may be varied by 

substituting, deleting, adding, or inserting one or more amino adds to produce a gpl30 
or UF-R variant Variants that possess the desired biological activity of the native 
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Generally, substitutions should be made conservatively; i.e., the most preferred 
substitute amino adds are those having physiochemical characteristics resembling those 
of lie residue to be replaced. Examples of conservative substitutions include 
substitution of one aliphatic residue for another, such as He, Val, Leu. or Ala for one 
5 another, or substitutions of one polar residue for another, such as between Lys and 
Arg; Gin and Asp; ox Gin and Asn. Other such conservative substitutions, far 
example, substiiudons of entire regions having similar hydrophobidty characteristics, 
arc well known. Moreover, particular amino acid differences between human, murine 
and other nmrmnaium UF-Rs Is suggestive of additional conscrvarive substitutions that 

10 may be made without altering the essential biological characteristics of LIF-R. 

Cysteine residues can be deleted or replaced with other amino adds to prevent 
formation of unnecessary or incorrect intramolecular disulfide bridges upon 
tenaroration. Adjacent dibasic amino add residues may be modified to enhance 
expression in yeast systems in which KEX2 protease activity is present 

15 EP212.914 discloses the use of site-specific mutagenesis to inactivate KEX2 

protease processing sites in a protein. KEX2 protease processing sites are inactivated 
by deleting, adding or substituting residues to alter Arg- Arg, Arg-Lys, and Lys-Arg 
pairs to eliminate die occurrence of these adjacent basic residues. Lys-Lys pairings are 
considerably less susceptible to KEX2 cleavage, and conversion of Arg-Lys or Lys- 

20 Arg to Lys-Lys represents a conservative and preferred approach to inactivating KEX2 
sites. 

Hydrophilic amino acids may be substituted for hydrophobic amino acids in the 
transmembrane region and/or intracellular domain of gpl30 and LIF-R to enhance 
Water solubility of the proteins. Addition of amino acids to the native sequence may 
25 result' from translation of in-frame codons present in linkers used in constructing 
cloning or expression vectors. The LIF-R encoded by clone pHLIF-R-65 contains 
such linker-encoded amino acids at the C-ierminus, as described by Gearing ct aL, 
supra. 

The present invention also includes proteins with or without associated nativc- 
30 pattern glycosylation. Expression of DNAs encoding the fusion proteins in bacteria 
such as E. cott provides non-glycosylated molecules. Functional mutant analogs 
having inactivated N-glycosylation sites can be produced by oligonucleotide synthesis 
and ligation or by site-specific mutagenesis techniques. These analog proteins can be 
produced in a homogeneous, reduced-carbohydrate form in good yield using yeast 
35 expression systems. N-glycosylation sites in eukaryotlc proteins are characterized by 
the amino acid triplet Asn-Al-Z, where Al is any amino add except Pro, and Z is Set 
or Thr. In this sequence, asparagine provides a side chain amino group for covalent 
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of carbohydrate. Snch a S« «n be elfabated by 

between Al and Z, err an amino acid other than Asn between Aan and Al. Known 
po^toes to inacdvann* N-srycotr/bnon rite, m protein, indnrto those descntad in 
< tt Q Patent 5.071J972 and EP 276.846. 

5 Cams of^x.ccp.orpro^ of to^t-^ .!*> inchide various 

fenn, of the prim*, protein wMcb iota Hologtal ttctiviry. D. ■ « 
of iontoble amino and carboxyl *roups, to example, a rector protem W 
U^toofac^crb^s^ormHyUtor^form. Inavriunl aimno aotd 

10 ^^ZUnary a^o acid structure also may be modified by fon-ns coval.n o, 
assresadve conjusa.es ™th other chemical moietier, such as tfycosyl ^ 
S^^lsro^^ to^ Covalent doivarivea are pxe^ by toW 
^^^oo^^to ^acMddech^ox^^N-o.C.^^er 

« e'rfvXcf.h.receptorprolr^ 

^vnmedeinxec^bi^ For exnmpU. 

nqMnd polypeptide may be a signal (or leader) polypeptide sequence at U»N- 

J^.-***.*.*-"***** Pepdde* may also be 
jaaed TO fedltanc ptnflSeaion or MentiScanon of the Mon protein (e*. poly-Bk). 
£^~d seance of the fusion protein can alao be HnW to th. P** Mj- 
Wh^As^ AsrAap-Lya CDYKDDDDK) (Bopp * ^BUI»€l»am ftUMj 
« SK™^ hUMy antUenic and provide, an epiroj* revenftly tonnd 
D y a J^c .JnoUal anybody, enabling rapid assay and facile P«"*««V* 
iL^rcombinanr protdn. This sequence is also specifically cle*v«i by bovme 
Jeosal entcroiinaac « <»» r«idu. immediacy fonowtae the Asp-Lys pan**- 
„ protein, c^ped with this pepnde may a*o be resistant to mtracellul.r 

Kndtagre^ and may be administered in vivo to inhibit a « 

raetavcndverecepu^abohavensca. 

UF binding reagenis. , » v 

« Disorder mediated by dmer oncostatln M or LIF may be treated by 

ro a hw nan or n^nmdkn print afflicted with such a disorder. A disorder is said w 
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be mediated-by oncostatin M or LIF when biologically active oncostatin M or LIF 
causes (directly ox indirectly) or exacerbates the disorder. Soluble receptor proteins can 
be used to competitively bind to LIF and oncostatin M, thereby inhibiting binding of 
| TP and oncostatin M to cell surface receptors. 
5 As discussed in example 2, gpl30 has now been found to bind oncostatin M, 

although with lower affinity than the inventive receptors comprising both gpl30 and 
LIF-R. gpl30 may be adnrinistcrcd to treat conditions mediated by oncostatin M, 
although a gpl 30/UF-R receptor of the present invention would be preferred for such a 
purpose. 

10 Oncostatin M has been reported to stimulate hexnaiopoiesis, stimulate epithelial 

cell proliferation. Increase plasmin activity (thereby inducing fibrinolysis), inhibit 
angiogenesis and supress expression of major histocomparibUity complex antigens on 
endothelial cells. See PCT application WO 9109057 and European patent appUcation 
no. 422,186. When these or other biological effects of oncostatin M are undesirable, a 
13 receptor of the present invention may be administered to bind oncostatin M. 

Oncostatin M is believed to stimulate production of the cytokine interleukin-6 
CIL-O. as reported by Brown et al., J. Immunol. 747:2175 (1991). Oncostatin M 
therefore indirectly mediates disorders associated with the presence of IL-6. IL-6 has 
* been reported to be Involved In the pathogenesis of AIDS-assodated Kaposi's sarcoma 
20 (deWit et al., /. Intern. Med. {England} 229:539 [1991]). Binding of oncostatin M by 
a receptor of the present invention thus may be useful in treating Kaposi's sarcoma. 
' Alternatively, but less preferably, gpl30 may be administered to treat Kaposi's 
sarcoma. 

Among the disorders mediated by LIF are lipoprotein metabolism defects such 
25 as atherosclerosis and obesity, as well as disorders of bone and calcium metabolism or 
disorders associated with LIF overproduction that affect hepatocytes. neurons, or 
leukocytes. The regulation of embryonic and hematopoietic stem cells by LIF may also 
be manipulated with the receptor. A soluble form of the receptor may also be used to 
treat leukemic cells which respond to LIP by proliferating. LIF also may play a ioIc in 
30 inducing cachexia in cancer or AIDS patients. The receptor, or antibodies thereto, may 
also be useful as a diagnostic reagent to detect diseases characterized by the presence of 
abnormal LIF-R. 

Oncostatin M and LIF are different proteins, but share certain structural and 
biological properties. If inhibition of a biological activity shared by oncostatin M and 
35 lif is desired, the receptor of the present invention offers the benefit of binding both of 
these proteins exhibiting the particular biological activity. A receptor binding only one 
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Of the proteins would leave the other protein active and continuing to mediate the 

disorder. . 

Receptor proteins or derivatives thereof may also be used as reagents in 
receptor-based immunoassays, reagents in assays for oncosiatin M ox 1JF, or as 

5 ^tmiW^te^VV*^™*^™™ UolUF - Theieceptorproteinsrf 
fixe present invention may be used as immnnogens in conventional procedures for 
production of polyclonal armonoclonal antibodies. Sueh antibodies may be employed 
rninmnnoaffinity columns for purification of the receptor, ox as components of 
Agnostic or research assays. Derive may also be obtained by trucking additW 

10 polypeptide®, e.g. by using a crosa-lmldng agent, such as N-maleiimdobenroyl 

also he covalently bound through reactive side groups to various insoluble substrates, 
such as cyanogen bromide-activated, bisoxirane-activated, c^bonyldiimidazole- 
aotivated ox tosyl^ctivated agarose structures, or by adsorbing to polyolcfin surfaces 
15 [With or without glmaraldchydc crossrlinking). _ ' 

The following examples are provided to illustrate certain embodiments of the 
invention, and are not to be conatrued as limiting fce scope of to 
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y.Y AMPT-.ES 

Example 1 

ft ccav fn PP TfTT ™TMlftir rfT-XF 



Recombinant human UF Is expressed in yeast and purified to homogeneity 
essentially as described by Hopp, ^BlofTecHno^ 6:1204 (1988). The purified 
protein is radiolabeled using a conmercially available enzymobead xadioiodmauon 
LgentCBioRad). In this procedure 10 Ug UF in 50 pi 0.2 M sodium phosphate. P H 
7 x *« combined with 30pl enzymobead j«gent.2macf sodium iodide m 20 ul of 
0 05 M 5 ^nmphosphatepH7.0andl0plof2J%B.D-glucose. After 10 minutes at 
25*C, sodium aside (20 Jll of 50mMJ and sodium mctabisulfite (10 jjI of 5 mg/ml) are 
added and incubation is continued for 5 min. at 2TC The mi^ure is 

ftactionated by gel filtration on a 2 ml bed volume of Sepbadcx® G-25 (Sigma) 
equffltrrared in Roswell Park Memorial Institute (RPMJ) 1640 medium contaming2J5% 
(wM ^0 serum albumin (BSA). 01% (w/v) sodtam azide and 20 mM Hopes pH 
M, finding medium). The final pool of ^I-UF is diluted to a working stock 
solution of 3 x 10-8 M in Wading medium and stored for up to one month at 4 C 
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without detectable loss of receptor binding activity. The specific activity is routinely in 
the range of 6-8 x 10 15 cpmAnmole LIF. 

The radiolabeled LIF may be employed in any of a number of conventional 
assay procedures to determine whether a given protein or cell binds LIF. Examples of 
5 such assays are those that detect binding of the radiolabeled LIF to cells expressing an 
UP-binding protein on the cell surface. The radiolabeled LIF also may be employed in 
assays for the presence of LIF-binding proteins in cell culture medium (e.g. LIF- 
bmding proteins secreted by recombinant cells). Proteins in cell extracts (e.g. from 
recombinant cells) also may be assayed for the ability to bind the radiolabeled UDF. 

10 In one assay procedure, cells iransformed/transfected with an expression 

system encoding a protein to be tested for ability to bind LIF are plated at a density of 2 
x 1C£ cells/well in either 6 well dishes (Falcon) or single wen chambered slides CLab- 
Tek). Both dishes and slides are pretreated with 1 ml human fibronectin (10 ug/ml in 
PBS) for 30 minutes followed by 1 wash with FBS. After 48 to 72 hours, cells are 

15 assayed for expression of LIF binding proteins by binding radioiodinated LIF using the 
following slide autoradiography technique. Transfected cells are washed once with 
binding medium (RPMI media 1640 containing 25 mg/ml bovine serum albumin 
CB5A). 2 mg/ml sodium azide. 20 mM HEFES. pH 7.2, and 50 mg/ml nonfat dry milk 
(NFDM) and incubated for 2 hours at 4*C with 1 ml binding medium + NFDM 

20 remaining 1.25 x 10*° M 125 HJF. After incubation, cells in the chambered slides are 
washed three times with binding buffer + NFDM, followed by 2 washes with PBS, pH 
7.3. to remove unbound 125 I-1JF. The cells are fixed by incubating for 30 minutes at 
room temperature in 10% gluteraldehyde in PBS, pH 7.3, washed twice in PBS, and 
air dried. The slides are dipped in Kodak NTB-2 photographic emulsion (5x dilution in 

25 water) end exposed in the dark for 12 hours to 7 days at 4*C in a light proof box. The 
slides are then developed for approximately 5 minutes in Kodak D19 developer (40 
g/500 ml water), rinsed in water and fixed in Agfa G433C fixer. The slides are 
• individually examined with a microscope at 25-40x magnification and positive cells that 
bind LIF ere identified by the presence of autoradiographic silver grains against a light 

30 background. 

Cells in the 6 well plates are washed once with binding buffer + NFDM 
followed by 3 washings with PBS, pH 13, to remove unbound 125 I-1JF. The cells 
are then aypsinized to remove them from the plate and bound 125 I-UF is counted on a 
gamma counter. 

35 The cells in muisfectam pool(s) testing positive axe subdivided into smaller 

pools and the screening process is repeated (with further subdividing of the pools as 
necessary) until an individual clone expressing LIF-binding protein is isolated. Non- 
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Hndin* Of 125I-UF may be mealed in the presence of 200-fold or greater 
^Xli. Asaltrol. the same ho Sl cells tr^rfected with a ve«or 
EE f should be assayed to detune whether 
hac^cn^ ^ 
isjdeasedftom&ecdlsiniottecui ^ (culture medium) is 

concentrated 10-fQia. ana pi w ^ ^.^j K, overoiBlH incotafion at 4"C 

ishers »ie incubated for 2h at 4 C in BMwri-wa coni^e 

« . of 200 nM «U*H !«. to i— 0» 5 nun, „ PBS. 

^TLta Jcn.UF binding »ay conduct » 

w=e <ta ***** «* ^^flf^ '^rc J*«d *ft tn. 

„ --c nQRll In separate transfecnons. CU5-7 ceus were uaJJJ4 - 

labeled A-F in Figure 1. 

(A> B10G (the gpl30 encoding vector described in cxmple 3) and 
25 pHLIFR-65 Che UF* de8Cribed ^ ™* le 3) 

Cffi PHUFR-65 and control vector CAV (a control vector thai does not 
UM or «Pl30; controls for plasmid dilution *o that icanta can be »o» 
r^lp^th those of CC*-7 cells ejected with both a *!» 
30 encoding vector end an IiF-R encoding vector) 

(Q B1QG and pHUFR-65; transfected cells were preincubated with 
^^i^^edo^S^Ub^^^oa with 125I-IJF 

CD) pHUFR-63 and CAV; tmnsfbeted cdls were prdncubated with non. 
Relabeled cncostannM before incubation with 125HJF 
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(E) non-transfected COS-7 cells (control) 

(F) B10G andCAV 

5 The assay was performed by a phthalate oil separation method essentially as 

described by Dower et aL. J. Immunol. 132:151 (1984) and Park et aL, J. Biol. Chan. 
261-A1TI (1986). Briefly, the COS-7 host cells were released from 10 cm tissue 
culture plates two days after transfection by incubation In non-enzymatic cell 
dissociation buffer (Sigma) at 37*C for 30-60 minutes. Cells were then washed with 

10 the above-described binding medium and resuspended in binding medium ax 5x10 s 
cells/ml. 50H1 aliquots of the cells were incubated with serial dilutions of 123I-1JF at 
room temperature for one hour with agitation (in the presence or absence of a 200-fold 
excess of unlabeled UF) in a total volume of 150^ The unlabeled UF allowed for 
calculation of the non-specific background binding of UF. Duplicate aliquots <«hil) of 

15 each incubation mixture were then transferred to a polyethylene centrifuge tube 
containing a phthalate oil mixture comprising 1 .5 parts dibutylphthalate to 1 pan bis(s- 

cthylhexyl)phihalaic. 

The cells were separated from unbound ™T-UF by centrifugarJon for five 
minutes at 15,000 x g in an Eppcndorf microfuge- The centrifuge tubes were cut to 

20 separate the pellet of cells (chaining bound ™1-UF) from the supernatant COTtairang 
unbound ™I-UF. The radioactivity in both parts was then determined on a gamma 
counter. The determinations of both cell-bound and unbound radioactivity from the 
two 60nl aliquots were averaged for subsequent calculations. 

The results axe presented in Figure 1 as standard Scatchard transfonnationB of 

25 the biological data. The data are reported as the redo of molecules of ™1-UF bound 
per cell, to free ™I-UF molecules (y-axis) versus molecules of i^I-UF bound per 
cell (x-axis). The dissociation constants <K D ) are shown in Kgure 1, along with the 
number of LIF-binding sites per cell. Since a saturating amount of radiolabeled LJF 
was offered, the number of molecules of radiolabeled UF bound per cell is considered 

30 " equivalent to ihe number of LIF binding sites per celL 

As shown by curve A of Figure 1, COS-7 cells co-transfected with a gpl30 
encoding vector (B10G) and an LIF-R encoding vector (pHUFR-65) demonstrated 
high affinity UF binding (K D =9xlO- 10 M) - When these same co-transfected COS-7 
cella were preincubated with non-radiolabeled oncostatin M before incubation with 

35 125I-UF (curve Q. binding of UF was greatly reduced (Kp-^xlO-^M). Oncostarin 
M thus competes with UF for binding sites on these transfected cells. 
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COSM cells .ransfected whb a vector encoding lie 5 inele^,lypeptlde chain 
UP. R and wi* 4. -uol vector CAV bound 1 UP Curve * 

^^^ODS^cefls display endogenous high affinity simian IJF receptors j^*™*^ 

5 £C^W* of affinity 1^ recep^ 

™B da 2) as w*n a* tte simian IJF receptors Kr^MO-"M; crrrve B, tar* 1). 

^^cnheted with non-radtolabeled oncostarjn M before rnenbetron wtth l»HJF 
K ™ W. Zing of LIF » the liMt by pHUFR-63 wu essenuaU, 

^rjtr^ » the same refected cells no, prated withoncostannM. 
Z» dc« not c^ «th UF fa b^ » .be 

STu^P- Hoover, the rnnding of IJF.D ** endows M h* 

^vectoxCcwvcRadnotbindl^in^-c^^^^^^ 
ofbiniB^tDihei^traiirf«^<»S-7ceU3(aitvcE). 

Example 2 

2(J ft ^ V TVM^fBniri#niirwnirlnM 

Ccosadn Mr^beprrdfMftom cells in which rieproKtais »«M 
„ fton. cells transformed with an expression vector encoding oncostann M. One 
• Z^«t^2 M i. phorbol cells, as de*nbed by Zarhng « 

« ISV 0986). Purfficnuon of recombinant ™* M * 

•an feaor leader sequence; may o© raseo -m.. 

D^A Mp-c. tn promote secretion of the pr<*in fr<*» th. host cells. The protem 
^enMtU^r^edmayaboconn^anN-— ^ 
^TeZ« soch as Asp-Tyr-l«ys-Asp4-Lys) a. deaenbed by Bopp et aU 
2rrecZtoB6;UMWW. Tta il* * antigenic and V™**- 

35 eptojewvara^ ' ^geo™,^ is aim specillcally cleaved by 

of the expressed: recombmant protein, i ma sccnei^ .*™\ ,. .,„„ 

^Zccaal .n»r=Hna» at the residue immediately following the Asp-Ly, pamng. 
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Neither the .signal sequence nor the flag sequence is found on the processed final 

oncostatin M product. 

Oncostatin M may be radiolabeled using any suitable conventional procedure, 
such as the rariioiodination procedure employed to radiolabel UP In Example 1. The 
5 latfc-iodnation of oncostatin M has also been described by Iinsley et at, «<p«J. 

The resulting radiolabeled oncostatin M may be substituted for radiolabeled UP 
(using the same concentrations and other reaction parameters) in the assay procedures 
described in Example 1 in order to detect proteins and cells that bind oncostatin M. An 
assay for binding of 1 ^-oncostatin M to cells is also described in Linsley et ah, 

10 supra. ^ . 

The results of one oncostatin M binding assay arc shown in Figure 2. COS-7 
cells transfected with vectors) encoding gpl30 or LIF-R were assayed for the ability to 
bind oncostatin M. In scpa«tc transitions, COS-7 cells were transfected with the 
following combinations of vectors. The different types of transfected cells (and non- 
15 nansfected control cells) are designated A-E as shown below, and the corresponding 
curves representing the oncostatin M binding assay data for each cell type are also 
labeled A-E in Figure 2. 

(A) B10G (the gpl30 encoding vector described in example 3) and 
2D pHLJFR-65 (the LIF-R encoding vector described in example 3) 

(B) B10G and pHLEPR-63; transfected cells were preincubated with 
Don-radiolnbeled LEF before incubation with 125l-oncostatin M 

25 (Q pHLIFR-65 and CAV (a control vector that does not encode LIF-R 

or gpl3Q; controls forplasmid dilution so that results can be more accurately compared 
withthose of COS-7 cells co-transfected with both a gpl30 encoding vector and an 
LIF-R encoding vector) 

30 (D) non-transfected COS-7 cells (control) 

(E) B10G and CAV 

The assay was performed by the phthalate oil separation method described in 
35 example 1 (but substituting oncostarin M forUF). The results are presented in Fagure 
2 as standard Scatchard transformations of the biological data. The data are reported as 
the ratioof molecules of >2Sl-oncosiatin M bound per cell, to free. 12 Sl-oncostadn M 
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^^cules versus morales of M bound p~ cdl <»-«^™ 

• " J!™* <Kd) «»ihDW.i»Hff«a. alonjwiih number rfow^nn 

^^te ^mVcBv.AfaKg»»2.COS.7 cell. aH.*atf«tt> fl.130 

OOS-7 «Hs auransf ected wllil a vector uKd» t 4= sB^polypepw* cm» 
an-un. d»» «u bonnd by Ao nonWtoad COS-7 p-U 

/TLw UF beta* inoabarion with UJI-oncMiMta M Carrve B) did not bind 

^flTof Hgarc, I ^ 2 so *M 4a difference in ancosttnn M tending by tie 
^^ns compared lo die control ccDa ctn be 

^Oor.fean^nttteeot Rerxprcrs comprising both a?130 and UF-R « 

fo^Tr^nns *** conditions howler, in view of the hi^ affiW °E 

research assays. 
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Example 3 

f-rrfa n rf » »~r,mbir, fl nt Ftffliffll Prptcin ffrrffimffd 1 .TF-lM,ilft^gpl3p 

5 A recombinant receptor protein of the present invention is prepared by the 

following procedure The receptor comprises an LIF-R fragment at the N-tenninus 
attached to a gpl30 fragment through a polypeptide linker. The polypeptide linker is of 
the formula (G^Ser^. An oligonucleotide encoding a portion of the linker sequence. 
i.e.. me sequence ScrCGl^SerXsGly « synthesized by any of the conventional known 
10 procedures for oligonucleotide synthesis. The DNA and encoded amino acids 
sequences of the double-stranded oligonucleotide arc as foDows: 

SEQIDNO: 7 
15 nam HI 

, , tr^T GQA G gt ggt tct ggt gga got ggt tca ggt ggt gga gga tca 

5 S SS S AGA CCA CCT CCA CCA AGT CCA CCA CCT CCT AST 

Ser Gly Oly Gly Gly 6er Gly Gly Gly Gly S.r Gly Gly Gly Gly Set 

20 

GGA GOT GOT ©OA TCA GGT GGA GGA GGT TCT CCA GGT GGA CCT TCC GGA T 3' 
25 CCT CCA CCA CCT AGT CCA CCT CCT CCA AGA CCT CCA CCT CCA AGG CCT AGATC 

lly My Gly Gly Ser Gly Gly Gly Gly ser Gly Gly Gly Gly sbi: Gly 

The remaining portion of the linker is added during vector construction as described 
30 below. This oligonucleotide as well as those discussed below may be synthesized on 
an automated DNA synthesis machine such as those available from Bioseerch, Inc. 
San Rafael, California or Applied Biosystems. 

The linker encoding oligonucleotide is cloned into a vector that preferably 
contains multiple restriction endonuclease cleavage sites that may be employed for 
35 inserting the sequences encoding UF-R and gpl30 on either side of, and in the same 
reading frame as, the sequence encoding the linker. One such vector is designated 
pBLUESCRIPT SK® which is available from Stratagene Cloning Systems, La Jolla, 
California. This plasmid vector is replicable in E. ccU and contains a polylinker 
segment that includes 21 unique restriction sites. The plasmid is digested with the 
40 restriction enzymes BamHI and Xbal and the linker-encoding oKgonucleotide is ligated 
into the vector using conventional techniques. A recombinant vector containing the 
inserted oligonucleotide sequence is identified by restriction endonuclease analysis and 
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^ by gel electrophoresis. A DNA sequence encoding LIF-R » jnsened into the 
S^UF! SK® vector u P5 *e«n of the encoding oUgon.cleonde ^ 

^Lcodlng soluble fronts of UF-R and gplSO ~ »^ * 
3 ^thcweflkno^polyn^^^ 
oEgonuclcotid^ 

SEQB>NO:8 pBgonucleotidcNo.1) 

10 S . a^GiCG^G^TGG^TMTTACQTATGTTTG 3' 



15 SBQIDNO:9 (Oligonucleotide No, 2) 

3 1 



20 



25 



35 



40 



^C^C^CACTGTTTCCTTTTiAGACCTCCTCCiVfiJ^TACC 



SBQIDNChlO (OligonudeorideNo.3) 
5 » CGCGTCCGGA6GAGG 



- ESBMS rG G3^CTG3^CTTCTAGATCCftTGT©GTTATATC 3» 



SEQ ID No. 11 (Oligonucleotide No. 4) 
30 c^AcGAGTTCCTCTTTAACTTaiCCGCCGGCGTACG S« 



3" 



45 



Oligonucleotides 1 and 2 » used to a PCR reaction to -olate a soluble 

^ncTa* described by Gearing * aL apt* The DNA end encoded annno acid 
ZLl c* ft. CDN^ done « Rented in SEQ ID NO: 5^ The ^ 

^American Type Culture Collection, Rockville, Maryland, ILSJL on December 11 
S^ST^La pHHFR-65 (ATCC Accession Number 68491). Tne deposit 
^Ttnade under the conditions of the Budapest Treaty The 5 ^ 
^nucleotide No. 1. which includes a DNA sequence encoding *^?Z 
2L of the signal sequence of UF-R and also c^es upstream ^uenc« 
Lodoce a Sal 1 reaction endonuele.se cleavage site. 

capable of annealing to the (-) Strand that is elementary to nucleotide, 179^02 of 
^ Q ID NO; 5. The 3« primer is ougonueleodde No. 2, W*ch contains a sequence 
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wnmlememary to nucleotides 2651-2677 of SEQ ID NO: 5 (i.e., includes anti-sense 
nucleotides encoding the last nine amino adds of the extracellular domain of LIF-R). 
■ Immediately downstream of the LDP-R encoding sequence, oligonucleotide No. 2 
contains a sequence encoding (Glyli Ser, and also introduces a BamHI restriction 

5 cndonuclefise cleavage site- 

A'PCR reaction employing oligonucleotides Nos. 1 and 2 thus isolates and 
amplifies a DNA sequence encoding an LIF-R fragment containing the entire signal 
sequence and the entire extracellular domain but lacking the Transmembrane region and 
the extracellular domain. The (Glyfc Ser sequence attached to the 3' terminus of the 

10 LJF-R fragment is part of the polypeptide linker in the final construcx. 

Any suitable PCR procedure may be employed. One such procedure is 
described in Sarki et al., Science 239:487 (1988). Another is described in 
Recombinant DNA Methodology, Wu et el., eds., Academic Press Inc., San Diego 
(1989), pp. 189-196. In general, PCR reactions involve combining the 3' and 3' 

15 nucleotides with the template DNA and each of the four deoxynucleoside triphosphates 
in a suitable buffered solution. The solution is heated, (e.g. from 95' to lOO'O to 
denature the double-stranded DNA template and is then cooled before addition of a 
DNA polymerase enzyme. Multiple cycles of the reactions are carried out in order to 
amplify the desired DNA fragment 

20 An example of a suitable PCR procedure is as follows. All temperatures are to 

degrees centigrade. The following PCR reagents axe added to a 1.5 ml Eppendorf 
microfuge tube: 10 ul of 10X PCR buffer (300 mM KO, 100 mM Tris-HCl, pH 8.3 
at 25'C. 25 mM MgCfc. and 1 mg/ml gelatin) (Perkin-Elmer Cetus, Norwalk. CN), 10 
Ul of a 2 mM solution containing each dNTP (2 mM dATP, 2 mM dCTP, 2 mM dGTP 

25 andSmM dTTP), 2.5 units (0.5 ul of standard 5000 units/ml solution) of Tag DNA 
polymerase (Perkin-Elmer Cerus), 50 ng of template DNA, 5 ul of a 20 pM solution of 
each of oligonucleotide primers 1 and 2, and 74.5 water to a final volume of 100 pi. 
The final mixture is then overlaid with 100 \il parafin oil. PCR is carried out using a 
DNA thermal cycler (Ericomp, San Diego, CA) by initially denaturing the template at 

30 94' for 90 seconds, reannealing at 55* for 73 seconds and extending the cDNA at 72' 
for 150 seconds. PCR is carried out for an additional 20 cycles of amplification using a 
step program (obturation at 9A', 25 sec; annealing at 55*. 45 sec. extension at 72'. 
150 5ec.)» followed by a 5 minute extension at 72* . * 

The sample is removed from the parafin oil and DNA extracted by 

35 phenolchloroform extraction and spun column chromatography over G-50 (Boehringer 
Mannheim). A 10 \A aliquot of the extracted DNA is separated by electrophoresis on 
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-lie pCR-anmnfied cDNA products arc to digested ™h Sail and BamHI 
^crjon enzymes nsins ****** P****"*' Tl-Wl^w^**-" 
s ^Z^Z t e. elecuophoresis. «*. on a 1M 6-a*q-« >~ *»»« 

tdOW " A plasmid vector containing haman gpl30 cDNA was tfcposited in £. «B 
10 strain DHJahost cells with the American Type Culture Colleton, Rcdndc, 
ZyTand muter A. name BHWDC303 CDH5o> on November 14. -19W-* 
asgteied ATCC Accession No. 68827. Tne deposit was made under the 
STXes. Treaty. The DNA and encoded ammo add fences of u»s doned 
cDNA are shown in SEQ ID NO: 1. 

oiigonncleo-ides 3 and 4 are employed in the pclyo-rase 
^ceaure u, amplify and facte a DNA fragment encoding SerCGly* Ser Mowed by 
S^,^ of SEQ ID NO: 1 (uecn^e^n^doman. of^rn^e . 
™l30protdn). TneyprtaeT.oKsonndeotideN^ 

SsBQ^NO: I. which er*c<ie me fim rrhrc ar^o acids of the mate* a>130 
2, nrotefZ This nucleotide cumecce is capable of annealing to the (-) strand that »s 

dTeneode, .'MS* fcr « 4 nenee direcfiy upstream of (and in the aame ^ 
frame as) the gp!30 sequence, and further positions a BspMH rastneoon endonuclease 
cleavage she near the S terminus of me Ser(GM4 Ser -encoding sequence 
« The 3- primer. oUgonudeoude No. 4, includes a sequence complementary to 

nndcondcs20B0to2100of.SEQIDNO: 1. U. mctate anti-sense nucteonte 
Lcom.thelanseven^nclnsof.te^ 

No 4 PosMons a stop code, immediately after the H>130 sequence aid to msera a 
£Sb sitelwnsHeam. Followini ^canonof me^SOf.e^tby 
30 PCR. the PCR reaction products are digested with BspMJI and Notl and me desnxd 

famnent is isolated. 

The above-described IJF-R, SexCG^SerfcQly linker, and gpl30 pneodag 
frasmen* are assembled into a single DNA sequence as follows. The 

35 dxge^o^ withEamHI undBspMH. The liiiker figment is then hgared tothe 3" end of 
tfce^LJF-R fragment (cleaved at its 3' tenmnus after the Gly4Sersequence with 
Bairiffl). The ligation is conduced under conventional conditions. The 3 endofthe 
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linker fragment is lifted to the BspMH-cleaved 5" end of the gpl30 fragment. The 
resulting DNA fragment encodes a receptor of the present invention comprising, (from 
5' to 3") the signal sequence and extracellular domain of LIF-R attached to a (Gly4Ser)8 
polypeptide linker which is attached to the mature coding sequence of the gpl30 
5 extracellular domain. 

This DNA fragment may be inserted into any suitable cloning and/or expression 
vector. For example, the pBLUESCRIPT SK® vector may be digested with Sail and 
Nofl and the ligated DNA fragment inserted therein. £. coli cells are then transformed 
with the recombinant vector by conventional procedures. 

10 in an alternative procedure, the pBLUESCRIPT SK® vector containing the 

Ser(Gly4Ser)6Qly linker sequence is digested with Sail and BamHI and the above ■ 
described LTF-R-encoding fragment is inserted therein. The resulting vector is then 
digested with BspMD and NotI and the gpl30-encoding fragment is then inserted to 
form the DNA sequence encoding the receptor of the present invention. The cloned 

15 receptor-encoding DNA fragment may be excised and inserted into any suitable 
expression vector (chosen according to the type of host ceil thai Is desired) using 
conventional procedures. Host cells transformed with the recombinant expression 
vector are cultrvaied to produce the receptor protein. Mammalian host cells are 
generally preferred for producing the recombinant receptor fusion proteins of the 

20 present invention. 

The receptor-encoding construct may be excised by Sail and Nod digestion and 
inserted into a vector suitable for use in mammalian host cells. One suitable vector is 
designated pDC406. cDNA molecules inserted at the Sail site of this vector are 
nanscribed and translated using regulatory elements derived from HTV and adenovirus. 

25 pDC406 contains origins of replication derived from S V40, Epstein-Ban: virus and 
pBR322. ThepDC406 vector inio which interleuldn-1 receptor cDNA has been cloned 
has been deposited with the American Type Culrure Collection, Rockville, Maryland 
USA under accession number CRL10478. The interleuldn-1 receptor cDNA may be 
excised from the vector using conventional techniques and replaced with the receptor 

30 encoding DNA of the present invention prepared above. pDC406 is a derivative Of 
HAY-EO described by Dower et at, J. Immunol 742:4314 (1989). pDC406 differs 
from HAV-EO by the deletion of the imron present in the adenovirus 2 tripartite leader 

sequence in HAY-EO. 

Examples of suitable inammalian cells for expressing a receptor fusion protein 
35 include CV-1 cells CATCC CCL70) and COS-7 cells, (ATCC CRL 1651) both derived 
from monkey kidney. Another monkey kidney cell Hne CV-1/EBNA (ATCC CRL 
10478) was derived by transfecrJon of the CY-1 cell line with a gene encoding Epstein- 
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ID 



20 



Barrvin^udesraangen-l CEBNA-1) and with a vector containing CMV regulatory 

fwe^acnifll lepHeaiion of expression vectors, such as HAV-EO or pDC406,that 
contain theEBV origin of rcpKcaiioiL 

Example 4 

r ^ nnr nl tr nmi^^^^^^^ 

This receptor of 4c present invention differs from thai of Example 3 to that the 
UF-Rpdyp.Ptide (which was the 5* polypeptide in the receptor of Example 3) * now 
^Stidc The towing oHgonncleotideswere synthesized for use m 
preparing the fusion proT£ta: 

15 ^f^^r^^T^Te.c^^^T^ 3- (oligonucleotide no. 5) 
' ^fc^ccLr^TCXTX^CTlCCTCCTC^ccT^T^o 5' (oUgonucIeotide no. 6) 



^fc^oax^^ 3' (oligonucleotide 

no. 7) 



25 ^f^^L^ (oligonucleotide no. 

OBgonncleorides 5 and 6 are employed in a polymerase chain reaction procedure 
30 » isolate a fragment of gpl30. The 5' primer (oligonucleotide number 5) includes 

adds of the gplSO signal sequence). Oligonucleotide number 5 also includes a 
e^LStrc^ncTan upstream Sail ** Tnis nucleotide ae^uencels^^ 
ZeZ .0 meOstrand^i, complementary tonncl^ 
«< NO., The 3' primer (oligonucleotide number 6) includes a sequeoce cornplementary 
to irocteoilto 2080to 2100 of SEQ ID NO; 1, i-e- includes antisense nudcondes 
coding the last seven amino adds of the gp-130 extracellular dome*, 
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Oligonucleotide number 6 also encodes a Gly4Ser sequence immediately 3' to (and in 
phase with) the gp 130 sequence, and also inserts a downstream BamHI site, 

A PCR reaction is conducted as described in Example 3 but employing 
oligonucleotides 5 and 6 on the gpl30 cDNA template. A DNA sequence encoding a 
5 gp!30 fragment that includes the ? signal sequence and the entire extracellular domain, 
but none of the transmembrane region or the cytoplasmic domain. Is isolated by the 
PCR reaction. A Gly4Ser sequence is fused to the 3'- terminus of the gpl30 fragment 
The PCR reaction products are digested with Sail and BamHI and the desired fragment 
is isolated. 

10 An LEF-R fragment is isolated and amplified by a PCR reaction employing 

oligonucleotides 7 and 8. The 5' primer (oligonucleotide number 7) includes 
nucleotides 311 to 331 of SEQ E> NO: 5. which encode the first seven amino acids of 
the mamre LEF-R protein. This nucleotide sequence is capable of annealing to the (-) 
strand complementary to nucleotides 31 1 to 33 1 of SEQ ID NO: 5. Oligonucleotide 

15 number 7 also encodes a Gly4Ser sequence fused to the 5' end of the LIF-R sequence, 
end inserts an upstream BspMH site. The 3" primer (oligonucleotide number 8) is 
complementary to nucleotide* 2651 to 2677 of SEQ ID NO: 5 (which encode the lest 
nine amino acids of the LIF-R extracellular domain.) Oligonucleotide number 8 also 
adds a stop cod on at the 3' end of the LIF-R sequence, and inserts a Not I site 

20 downstream. The PCR reaction products are digested with BspMH and NotI and the 

desired fragment is isolated. 

A DNA sequence encoding the desired recepior protein is prepared by ligating 
the BamHI site of the gpl30 fragment prepared above to the BamHI site at the 5' 
terminus of the linker fragment described in Example 3. Likewise the C-tenninus of 

25 the linker encoding fragment is ligated at the BspMH site to the complementary site of 
the LIF-R encoding fragment prepared above. The resulting DNA fragmem may be 
cloned into an expression vector using procedures described in Example 3. The 
receptor encoded by the isolated DNA fragment comprises (from the N-terroinus to the 
C-ienmnus) the signal sequence and extracellular domain of gpl30 attached to a 

30 <Gly 4 Ser)g polypeptide linker which is attached to the mature coding sequence of the 
LIF-R extracellular domain. 
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Example 5 

recepior fusion protein: 
no. 9) 

W ^ LIF-R encoding PNA seqnerce Is isolated a»d amplified in a PCR iea=don 

™Ltn Sen d» wd hi* teen described to Example 3. H« 3 pnmer » 

■ La. 9 w« meinde, . «^r^Z7^ 

,n 2651 to 2677 of SBQID NO: 5. ie, toctato amisense nndeoode, enooctag to toe 

r/^^ encoding DNA ^^^f n «^ 
25 rTeUce. 0e Egffl discuon ^ be carried om under coodmons that effect partial 
""TnlM oboObi DNA fasmem ia isolated and amplified by PCR reactloa 
nJeam SaH sta and to been described above In E*a=>pl. 4- f*n** 

30 X axco of seo id N a x, i.e., wod. ^-;° d ^"^^^ 

BE m. and the desired gpHO encoding DNA fragment is isolated by sol cl=ctroptor«« 
oc urine canvennnnal techniques. ^ 
tan^IgGlantftaayl^bwa cloned toro to<a»»«*«*«ipBLOESCBffrSK 



■uan mimnn i * 
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vector to produce a recombinant vector designated hlgGlFc. A unique BglH site is 
positioned near the 5' end of the inserted Fc encoding sequence. An Spel site is 
innnediately downstream of the stop codon. The DNA and encoded amino acid 
sequencesoftheclonedFccDNAarepresentedinSEQIDNO: 3 and SEQ ID NO: 4. 
5 The Fc polypeptide encoded by the cDNA extends from the N-terminal hinge 

region to the native C-texminus, Le., is an essentially fall-length antibody Fc region. 
Fc fragment*, e.g., those that are truncated at the C-tcrminal end, also may be 
employed- The fragments should contain multiple cysteine residues (at least the 
cysteine residues in the hinge reaction). The antibody from which the Fc polypeptide is 

10 derived is preferably of the same species as the patient to be treated with the fusion 
protein prepared therefrom.. 

Plasmid hlgGlFc is digested with Bgin and Sail and the BgUI/Sall LIF-R 
fragment prepared above is Ugated into the vector by conventional techniques. The Fc 
encoding sequence is positioned downstream of, and in the same reading frame as, the 

15 LIF-R sequence. In a separate reaction, the above-described Sall/Bglll fragment of 
gpl30 is also inserted into the same vector. Plasmid vectors containing the desired 
DNA insert arc identified by restriction endonuclease digestion analysis, using 
convention techniques. 

The cloned DNA segment encoding the LIF-R-Fc fusion polypeptide may be 

20 excised from the pBLUESCRIPT SK® vecior by digestion with Sail and Noil. 
Likewise; the DNA segment encoding the gpl30-Fc fusion polypeptide may be excised 
by SaU/NotI digestion. Each excised DNA segment is inserted into an appropriate 
expression vector, depending on the type of host cell thai is desired. One suitable 
expression vector is the plasmid pDC406. which may be transformed into mammalian 

25 host eels as described in Example 3. 

In one embodiment of the invention, an expression vector encoding the UF-R- 
Fo fusion and a second expression vector encoding the gpl30-Fc fusion are oo- 
transfected into the desired host cells. Two separate recombinant polypeptides are thus 
produced in the host cells. The first polypeptide comprises the Fc polypeptide fused in 

30 frame to the C-texminus of the gp!30 fragment The second polypeptide comprises the 
Fc polypeptide fused in frame to the C-tcrminus of the LIF-R fragment Disulfide 
bonds that form between the two Fc regions covalendy link the two separate fusion 
polypeptides mto a receptor protein of the present invention. 

Alternatively, the LIF-R-Fc and gpl30-Fc polypeptides may be separately 

35 transformed Into host cells (as opposed w co-transfecdon into the same host celL) The 
two polypeptides are purified from the host cells and then combined in a suitable 
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trfferri solution, whereupon taw* diaufide bonds' form between the two Ft 

Kg ' 0nS lle ««p« protein « be purified using «n y of * number of conyeniton* 
^rin omffiKtioa tccMquM. Since antibody Fc regions bino w prown A end 
5 G« protein A or protein G attached to an 

ClTble snppJ meteri.1 b. ta *° T 

SJlh O cotam, =nd *e column k «nea w*hed 

ZfJei MM.. CPBS). Tie adsorbed FC^Udmng ftrion prown » elnted writ 50 
10 ^^blrjnS and^topE, wi*2MTri S bo« r .pH9. Fn^er 

or OSM fcocnd thereto- 



15 



20 



25 



30 



35 



Example 6 

c^te of »pinltMlc^protcin of ,ho preOTt invention, or 
rnnstetcd COS cell* expressing high levels of the receptor, are employed to generate 

rSo* disctaod in VS. Patent 4411,993. Totanmterricc.aie^ mrmonopn 

and periodically boosted thereafter or, a weekly to r^ecUy >mmur^on 
ofanapproprtaantibcxiy.i.er.r^ 

fc^andfi^tottem^rnyelon^inttNSl. ^"T^T 
~^aby this r.nxedine ere plated in 

ce TJs.iir?elcTOnybriD&andsi)leen^ • . . . . 

^brMotnado^^senerated^besc^by^ 

tf *r t ^ F oteta,taexampte.byad^^ 
tZLLc^ 8.871 0971,^.3.^4.704.004. 

.jTrr^inKthepritcr^c^ 
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containing high concentrations (greater than 1 mg/nol) of anti-receptor monoclonal 
antibody. The resulting monoclonal antibody can be purified by ammonium sulfate 
precipitation followed by gel exclusion chromatography, and/or affinity 
chromatography based on binding of antibody to Protein A of Staphylococcus aureus. 

5 

Example 7 

^mndhneric Receptor 

An expression vector encoding a fragment of the human LIF-R extracellular 

10 domain fused to a polypeptide derived from the Fc region of an antibody was 

constructed as follows. A second expression vector encoding a fragment of the human 
gpl30 extracellular domain fused to an Fc polypeptide also was constructed. 

Plasnnd pHLIF-R-65 (ATCC 68491), which contains human LIF-R cDNA in 
expression vector pDC303 as described in example 3, was digested with the restriction 

15 enzymes Asp718 and Xmnl. Asp7J8 cleaves the vector upstream of the UF-R cDNA 
insert Xxnnl is a blunt cutter that cleaves within the codon for amino acid number 702 
(Asp) of SEQ ID NO:5, upstream of the Transmembrane region. The desired 
Asp718IXmnl fragment (about 2,444 bp in length) was separated by electrophoresis on 
• an agarose gel and purified by conventional procedures using an Elurip column. 

30 A recombinant vector designated hlgGlFc, comprising cDNA encoding a single 

chain polypeptide derived from the Fc region of a human IgO 1 antibody in a 
pBLUESCRIPT SK® vector was described in example 5. The DNA and encoded 
amino add sequences of the cloned Fc cDNA arc presented in SEQ ID NO-.3 and SEQ 
ID NO.4. A polylinker region comprising a number of restriction sites is positioned 

25 jnmicdiately upstream of theFecDNA. 

Plasmid MgGlFc was digested with Asp718 and SmI, which cleave within the 
pollylinkcr upstream oftheFc sequence. The Asp71 BfXmnI LIF-R fragment prepared 
above was ligaied into the cleaved hlgGlFc vector by conventional techniques. StuI 
and XrrmI both produce blunt ends, which will ligate together. In the resulting 

30 recombinant vector, the Fc encoding sequence is positioned downstream of , and in the 
same reading frame as, the LIF-R sequence. The encoded LTF-R/Fc fusion proiein 
comprises amino acids -44 to 702 of SEQ ID NO:5 (LIF-R), followed by six amino 
adds COTSTirjjrJng a peptide linker encoded by the polyh^cT segmeni of plasmid 
hlgOlFc, followed by wnino acids 1-232 of SEQ ID NO:3 (Fc). E. coU cells were 

35 transformed with the ligation mixture and plasmids were isolated iherefrom by standard 
procedures. Plasmid vectors containing the desired DNA insert were identified by 
restriction endonnclease digestion analysis. 
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Tta cloned t)NA .egment encoding the Lff-R/Fc tadon polypepddc w« 
^cleaves ^vc^rin .pol^r» si »niu«dcwn OTM m Of tt*Pc «^ 

^rar is pCAV/NOT, a m ammalian expression vector described » PCT arrphcauon 

^tfptedo^sfe The LJr^R'Fe-tncoding Asp71SJNoll DNA fragment prepared 

^c** as ttUow*. Recombinant vector B10G*DC303 f>TCC 68*27) 
to*. „ 130 cDNA (Wad in e,amp* 3V 
.TrtTlulriiw 5 overtani was rendered burnt urinj T4 DNA polymer**, rae 
I5 EccRl^« »d-*. 2O56-20C1 Of SEQ ID 

^-disened vennr was .ben deaved with »* whieb cle*v« m the vector 

^^C^^ * ^dde-enec^ cDNA „ described 

ftagmem isolated above was nga*e« w ^ ^ CTr vnQCYT Is 

J^yidcMcalteSFCAV (ATCCK922,bot contains a Notl sue. 

pon«»r i» potentially disadvantages.* Jar prepaiin* and »M»« • 



30 



mnnm >a.sirt damid in baaerial cdfa. ^ . 

'^^SwercrranaiWwi.h.b^ 

Mk. by clonal procedures, and fed^^bin^^w- 
L^*.**.-**- gplSO** Man pro** ««« ^ 
ie cotnbiaar» vector comprises Cftom N- to C-terrmn,*) «n*no ^ 
^2 (^fcl^by 7 amino acid, coasdm^ V^T^^S 
to pcJynnVer aegment of plasm* U|OU* followed bv ammo ncda 1-232 of SEQ ID 



35 NO:4(TC>- 



«M«n.<AICCCia. 1651) were transited «»« *. UF-R/Fc- 
ttC ^ I «on^aa«P^oa«c TO ar«h. S pW^^ 
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prepared above, or with both expression vectors. The cells were cultivated to allow 
expression of the soluble fusion proteins. The expressed proteins were recovered by 
incubating culture supernatant with Protein G Sepharose beads (available from 
Pharmacia) overnight at 4°C, then pelleting the beads by centrifugarion. The binding of 
5 i23Habeled human oncostatin M and ^-labeled human LIF by the proteins bound to 

the beads was analyzed. 

Binding affinity was determined by performing a variation of a standard 
Scatchard analysis. The binding assay procedure was similar to that described by 
Mosley et al. (Cell 59:335, 1989) except that the proteins, being soluble, are attached to 

10 Protein Q Sepharose beads rather than being on the surface of the transfected cells. 
Briefly, in a 96-well microliter plate, each of ten 1 2 serial dilutions of 125i_ljf or 12 5l- 
oncostatin M was incubaied with a sample comprising the expressed proteins (bound to 
the beads) resuspended in RPMI 1640 containing 2.5% bovine serum albiimln. 03.% 
(v/v) sodium azide and 20mM Hcpes, pH 7.4, for 2 hours at 4°C with agitation. 

15 Duplicate standard cold competition wells also were incubated. Centrifuge lubes 
contaiiring bovine calf serum were used in place of the phthalatc oil nwture-comaining 
tubes in the separation method described by Dower et al., J. Immunol. 132:751 (1984) 
and Park et al.. /. Biol Chem. 261:4177 (1986) and in example 1 above. Aliquots of 
each incubation mixture were transferred to the tubes. After centrifugation. tubes were 

20 cut, die radioactivity counted, and processed as for standard Scatchard analysis. 

Figure 7 presents Scatchard analyses of the binding of 12S I oncostatin M by 
gpl30/Fc homodimcrs produced by the cells transfected with the gpl30/Fc vector alone 
(upper left) and by the proteins expressed by the co-transfected cells (lower left). 
Scaichard analyses of the binding of 12 *I LIF by LIF-R/Fc homodimers produced by 

25 the cells transfected with the UF-R/Fc vector alone (upper right) and by the proteins 
expressed by the co-transfected cells (lower right) are also presented in figure 7. A 
shift toward higher affinity binding of oncostatin M by the proteins recovered from the 
co-transfceted cells, compared to the gpl30/Fc homodimcr, is evident from figure 7. 
Likewise, the data in figure 7 indicate a shift toward higher affinity binding of LIF by 

30 the proteins recovered from the co-transfected cells, compared to the LIF-R/Fc 
homodimer. The shift toward higher affinity binding indicates the presence of 
heterodimers comprising LIF-R/Fc and gpl30/Fc, and further indicates that the LJF-R 
and gj>130 moieties are cooperating, i.e., interacting, in the binding of oncostatin M 
and LIF. Controls demonstrated no oncostatin M binding by LTP-R homodimers. and 

35 ' no LIF binding by gpl30 homodimers. 
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Example 8 

the FNd domains afford the advanntfe of icducmg *c su» oftfte -^J^ 
I* « -RWiectin type m-Bke module In toe exxraccllular domain. Tbe tnree «— 
in fi75 (Ala) and 680 (Pro) to 789 (Ser), respectively, of SEQ ID NO.* SP"" ™ 
«3W) to 496 (Pre), and 497 (Pro) to 597 «3to>. respectively, of SEQ »^**-» 

^^mJwIZ™. of I>ra ft) =■,<! fflfc* ir, nsuWr* overtax «», T4 DNA 

an B^acirteMofthefinrtl^domamofUF-R. ineciea 

ZT«d „M, B.*l an* BeoRS. The recognitor, St* far BsXl van, ™*eoud« 

tepdU*- npsrream of 4= Fc ^ncice. The BsXI/EcoRS (eompnang 
^eretrHrstarrnedwtmfc^ 

tedesredrceornbin^^^ider.^byresaiefloB^ Ther^ 

coB.in.cr encodes a fusion pnKto ccmpnsmi flrotnN- » & ^^r~~ 
m 494 of SEQ ID NO J (UF-R), a fonr ar^» arid spacer peptide -fto-Arg-Tyr-Val 
30 ^b^r^llrJ^ anda^o acids 
" ^TypcprWrnoUr, — the Srst 8 amiAO acids the ^ 
tTlarTtr* reader of the^ 

4CB %» nan domain, of BUM were removed by tBjsesdng the r»comWr,«. 
^Tsite for MB spans nudeoudos U31-1242 of SEQ ID NO:l ttplSlfc 
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cleaving within the codons for amino acids 10-11 of the first FNIII domain of gpl30. 
•Die cleaved vector was then digested with EcoR5, which cleaves within the polylinker 
upstream of the Fc sequence and generates blunt ends. 'Die (BstXl)/EcoR5 fragment 
comprising the 5' end of gpl30 (lacking the FNIII domains), the vector sequences, the 
5 Fc sequence, and a portion of the polylinker, was ligated. E, coW cells were 
transformed with the ligation mixture, plasmids were isolated therefrom, and the 
desired recombinant plasmid was identified by restriction analysis. The fusion protein 
encoded by the construct comprises (from N- to C-iermimis) amino adds -22 to 308 of 
SEQ 3D NO:2 (gpl30), a four amino acid spacer peptide .Asn-Arg-Tyr-Val- encoded 

10 ' by the polylinker segment, and amino acids 1-232 of SEQ ID NO:3 (Fc). The gpl30 
polypeptide moiety contains the first 9 amino acids of the first FNH3 domain, but lacks 
the remainder of the first FNIII domain and all of the second and third FNffl domains. 

FNUI domains may be deleted from the gpl 30 component of a receptor of the 
present invention, from the UF-R component, or from both. In one embodiment of the 

15 invention, COS-7 cells were co-txansfected with the soluble LIF-R/Fc-encoding 
mammalian expression vector prepared in example 7 and the mammalian expression 
vector encoding a soluble gpl3Q|Fc protein lacking the FNUI domains prepared above. 
Analysis of the expressed proteins by SDS-PAGE revealed a band of the molecular 
weight expected for the heterodimer, along with bands that include those of the 

20 molecular weight expected for the two homodimers. Scatchard analyses conducted 
according to the procedures described in example 7 demonstrated a shift toward higher 
affinity binding of LIP and oncosiadn M for proteins expressed by the co-transfected 
cells compared to the corresponding homodimers. This result indicates the presence of 
beterodimers comprising LIF-R/Fc and gpl30/Fc, and further indicates that the LIF-R 

25 and gpl30 moieties ate cooperating, Le., interacting, in binding oncostarin M and LIF. 

tiptff Tresc R TPTTniM OF THTfi SFOTIKNCE USTINg 

SEQ ID NO:l and SEQ ID NO:2 present the DNA sequence and encoded amino acid 
30 sequence for cloned cDNA encoding an N-terminal fragment of gpl30. 

SEQ ID NO:3 and SEQ ID NO:4 present the DNA sequence and encoded amino add 
sequence for cloned cDNA encoding a polypeptide that corresponds to the Fc region of 



35 



anlgGl antibody. 



SEQ ID NO:5 and SEQ ID NO:6 present the DNA sequence and encoded amino add 
sequence for cloned cDNA encoding an N-tcrminal fragment of LIF-R. 



r 
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receptors of the present invention. 
!Cccptors of fce present invention. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(ij APPLICANT: Gearing, David P. 

(ii) TITLE OF INVENTION: Receptor ror oncostatin M and Leukemia 
Inhibitory Factor 

<lli} NUMBER OF SEQUENCES: 17 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Irorounaac Corporation 

(B) STREET: 51 university Street 

(C) CIKi Seattle 
CD) STATE: WA 

(B) COUNTRY: USA 
IT) ZIP: 98101 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE; Floppy diek 

(B) COMPUTER: IBM PC compatible 

<C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.23 

(vi> CURRENT APPLICATION DATA: 
<A> APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(Viii) ATTORNEY / AGENT INFORMATION; 

(A) NAMEj Scese, Kathryn A. 

(B) REGISTRATION NUMEER; 32,172 

(C) REFERENCE/DOCKET NUMBER: 2607 

(ix> TELECOMMUNICATION INFORMATION: 
JA) TELEPHONE: 206-5B7-0430 
<B) TELEFAX: 206-587-0606 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 2369 base pairs 

(B) TYPE: nucleic acid 

(C) ST HANDEDNESS : single - 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 

{iii> HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(V) FRAGMENT TYPE; N-terminal 

(Vi) ORIGINAL SOURCE; 

(F) TISSUE TYPE: human placenta 



(vii) IMMEDIATE SOURCE: 
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(B) CliW.; B10G/PDC30S 

1 tA) NAME/KB* : CDS _ 

(B) tOCanCflffr 244.-2369 

{B> XjOCAK£0»s 310--236S 

1130 ^^Sme/KBJc: slSLPfP^e 
(B) LOCAIIOWs 244.. 3 09 

Casi ) sEQOEaacE description: mo n> »<>' 1 * 

scc^ — — «— * G 
ZL- c**c^ — «— — ~ ~— 

*CII*3CXXC ^TCCC^ TCCTTCACT* ACX^TXTTO 

-s=s=s=sssss==== 

-22 -20 ~ 15 

-3 1 



10 iS 

TA rrr m™ CAT ©XA AM? OCT AM? 

^ S2 S£ - 1 ^ v * lsn *S ^ 

ftft 



» *™ CAT TTT ACT ATT CCT JiAQ aaQ CBA ^ 

XAC ATT BTC 16© AAA ACA AAC CAT TTT ACT *x cj u Sin Tyr 

lyi ne Vai **P Ly« mr Asa His Ptte ror u. 33 

» M CXT ACA TTC GG& CAS CTT 

12 IS J£ S S 2 £ - » *jj *>. «. - - 

75 80 

TC * csc TTG CCT CCA GAA 

lye pro tys *a» *«» 6eE **» " xi5 120 



60 
120 
1B0 

240 
288 

336 

384 



480 



538 



576 



624 
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TGT SAC TGG GAT GGT GGA AGG GAA ACA CAC TTG GAG ACA AAC TTC ACT 720 
Cys Glu Tip Asp Gly 6ly Azg Glu Thx Mis L«u Glu Thr Aan Phe Thr 
125 135 

TTA AAA TCT GAA TGG 6CA ACA CAC AAG TTT GCT GAT TGC AAA GCA AAA 768 

Leu Lys Ser Glu Trp Ala Thr His Lys pne Ala Asp cys Lys Ala lys 
140 145 ISO 

CGT QAC ACC CCC ACC TCA TGC ACT GTT GAT TAT TCT ACT GTG TAT TTT 816 

Arg asp Thr Pro Thr Ser Cys Thr val Asp Tyr Ser Thr val Tyr Phe 
153 160 165 

GTC AAC ATT GAA GTC TGG GTA GAA GCA GAG AAT GCC CTT GGO AAG GCT 064 
Val Aen 11a Glu V»l Trp Val Glu Ala Glu Aan Ala Leu Gly Lys Val 
270 173 160 IB* 

ACA TCA GAT CAT ATC AAT TTT GAT CCT GTA TAT AAA GTG AAG CCC AAT 912 
Thr 0« Asp Hie lie Aen Phe A.p Pro Val Tyr Lye V»l Lys Pro Aan 
190 193 200 

CCS CCA CAT AAT TTA TCA GTG ATC AAC TCA GAG GAA CTG TCT AGT ATC 960 
pro fro 8is A»n Leu Sec Val lie Aan Ser Glu Glu L«» So* S«* lie 
205 210 215 

TTA AAA TTG ACA TGG ACC AAC CCA AGT ATT AAG AGT GTT ATA ATA CTA 1008 
Leu Lys L©u Thr Trp Thr Asn fro Ser He Lya Ser Vel He He Leu 
220 225 230 

• AAA TAT AAC ATT CAA TAT AGG ACC AAA GAT GCC TCA ACT TGG AGC CAG 1056 
Lys Tyr- Asn He Gin Tyr Arg Thr Lys Asp Ala Ser Thr Trp Ser Gin 
* 235 240 245 

ATT CCT CCT GAA 6AC ACA GCA TCC ACC CGA TCT TCA TTC ACT GTC CAA 1104 
lie Pro Pro Glu Aep Thr Ala Ser Thr Arg Ser Ser Phe Thx Vel Gin 
250 255 260 255 

GAC CTT AAA CCT TTT ACA GAA TAT GTG TTT AGG ATT CGC TGT ATG AAG 1152 
Asp Leu Lys Pro Phe Thr Glu Tyr Val Phe Arg He Arg Cya Met Lys 
270 275 280 

GAA GAT GGT AAG GGA TAC TGG AGT GAC TGG AGT GAA CAA GCA AGT GGG 1200 

Glu Asp Gly Lys Gly Tyr Trp Ser Asp Trp 5er Glu Glu Ala ser Gly 
285 290 295 

ATC ACC TAT GAA GAT ABA CCA TCT AAA GCA CCA AGT TTC TGG TAT AAA 1248 

11© Thr Tyr Glu Asp Arg Pro Ser Lys Ala Pro Ser Phe Trp Tyr Lys 
300 305 3" 

ATA GAT CCA TCC CAT ACT CAA GGC TAC AGA ACT GTA CAA CTC GTG TGG 1296 
Ilo Asp Pro Ser His Thr Gin Gly Tyr Azg Thr Val Gin Leu Val Trp 
315 320 325 

AAG ACA TTG CCT CCT TTT GAA GCC AAT GGA AAA ATC TTG GAT TAT GAA 1344 
Lys Thr Leu Pro Pro Phe Glu Ala Asn Gly Lya II. Leu Asp Tyr Glu 
330 335 3«0 345 

GTG ACT CTC ACA AGA TGG AAA TCA CAT TTA CAA AAT TAC ACA GTT AAT 1392 
Val Thr Leu Thr Arg Trp Lye Ser Mia Leu Gin Aan Tyr Thr Val Aan 
350 355 36U 
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SSS3 = 55SS25Sa S!5B . 
S-5SSS5SSS55=5 SS 

445 

— or* CCS TCC *ML GSa CCT ACT GTX C6© ACA 

S ¥ S ^ Si S S S 5 g ~ *■ ~ SI 

asasssassgsssai- 
assssasssaasssss 

570 

-«£?»SS:ES:"2:a ss 5s ?S 

P he fifar Ehr Fro P«0 JU,a ***** J 5Q5 600 



I486 



1536 



1320 
1566 
2016 
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CCT GM I«5 TTA CCA TTC CTA TTC AC* ACT CTT CTG GGA GTG CTG TTC 2160 

Pro val Cys Leu Ala Phe Leu Leu Thx Thr Leu Leu Gly Vol Leu Phe 
605 610 615 

TQC III AAT AAG CGA GAC CIA ATT AAA AAA CAC ATC TGG CCT AAT GTT 2208 
CVB Phe Asn Lys Arg Asp Leu He Lye Lys His He Trp Pro Asn val 
* S20 625 630 

CCA <SAT CCT TCA AAG AGT CAT ATT GCC CAG TGG TCA CCT CAC ACT CCT 2256. 
Pro Asp Pro Ser Lys Ser His lie Ala Gin Trp Ser Pro His Thx Pro 
633 640 •« 

CCA AGG CAC AAT TTT AAT TCA AAA GAT CAA ATS TAT TCA GAT GGC AAT 2304 
Pro Asg Hie Asa Phe Asn Ser Lye Asp 61a Met Tyr Ser Asp Gly Asn 
650 6« 660 665 

TTC ACT GAT GTA AGT GTT GTG GAA ATA GAA GCA AAT GAC AAA AAG CCT 2352 
Phe Thr Aep Val Ser Val Val Glu 11© Glu Ala Asn Asp Lys Lys Pro 
670 675 680 



TTT CCA GAA GAT CTG AA 
phe Pro Glu Asp Leu 
685 

(2) IWTORMATIOH FOR SBQ ZD NO:2: 

(1) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 1 0B amino acids 

(B) twe: amino acia 

(©) TOPOLOGY: linear 

(ii> MOLECULE TYPE* protein 

lxi> SEQUENCE DESCRIPTIOM: SEQ 2D NO:2: 

Met Leu Thx Lew Oln Thr Trp Leu Val Gin Ala Leu Phe He Phe Leu 
-22 -20 "13 _1 ° 

Thr Thr Glu Ser Thr Gly Glu Leu Leu Asp Pro Cys Gly Tyr He ser 
-5 1 5 *o 

Pro Glu Ser Pro Val Val Gin Leu Bio 6er Asn Phe Thr Ala Val Cys 
15 20 25 

val Leu Lys Glu Lys Cys Met Asp Tyr Phe His Val Asn Ala Asn Tyr 
30 35 40 

He val Trp Lys Thr Asn Mis Phe Thr He Pro Lys Glu Gin Tyr The 
45 50 55 

He He Aon Arg Thr Ala 6er 6er Val Thr Phe Thr Asp lie Ala Ser 
60 65 70 

leu Asn He Gin Leu Thr Cys Asn He Leu Thr Phe Gly Gin Leu Glu 
73 80 65 90 

Gin Asn V31 Tyr Gly He Thr He He Ser Gly Leu Pro Pro Glu Lyo 
95 100 iBS 



2369 
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I*« — S? S.r Cys He val aJL Gly -g 0,3 



«, a» GX» 5fhr His Leu Glu Tfcr Asn Pbe Th* 

Glu ^rp asp eiy eiy a*s 135 

125 

v B „ «. a. *« gj »• ^ SS " y * "* 

w a. «. « sex eg » 1 « «. s- - « IS 
v.x j, «1 ^ .la *. »- - - - IS ~ 
_ „ a. 1» m — «| W ^ *• III »" Sr ° 

ISO 195 

r „ «. « M »~ »• «* ■» S ~ II * W 

205 " v 

VaX IX* II* I« 



^ to* *b« **P *Hr Aan go ser He I** *~ 



220 

295 



230 



^ « a. «. »jj «- «. ^ a. J" - «* - — a 

«. ~» «- ~* « »» *» »• us 5 ~ *" Si 

«i i*- vai Pha A*ff He Arg Cy© M»t Iyo Glu 
i«b I*ys Pro *a» 33xr Olu Tyr val Pto« v 2g0 

270 275 

w «, »U «. - - -J ~ s « ^ SS 8 " =ly II * 

^ 2 Z ™ *~ »« - ~ =• 

300 305 

„ „ M *. — -» *• to JS °" " "* ,,p sb' 

3X5 

_ w « » Phe Glu «j »« »» S" 1 

33S • S4U 

- T . c« Hie l«tt «5ln Ash Tyx Tbr val ash a3-b 
Us: JAU TUT Axy Trp lye 6«r Bx '"!' im * 360 

350 333 

B. ^ « Tbr A»n Xeu ttj » -P «> *- ^* to — 

355 

val «ay Kr* S« Aep Ala *J» ^ Thr Ile 



ste val Arg asa ^» vai siy xor» — — — 390 

Phe Gin Ala Thx Bis Pro Val Her Asp I*o I*» Ala 

Ph e Pro L y8 Asp Asn M« Leu *rp val Olu ^ ^ *. — » — 

4X5 



380 385 

Pro Ala cys A«p Phe ^. — ^ 
39S * uu 
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Ser Val ly* Lye *** U« T f? <* S Val 881 Jg ^ 



Pxo Cys lie Thr asp Trp 8l» Jg Glu Ac P tt| Thr Vol Hi, Arg Thr 

Tyr 

463 «0 



44S «0 
Tvr Leu Arg Gly ^ *•» Ala Gl» to, Ly« Cy* Tyr L*u II. Thx Val 

460 465 
Thr Pro Val Tyr Ala Asp Gly Pro Gly Ser Pro Glu sex He Lys Ala 
4-J5 480 485 

Tyr Leu Lys Gin Ala Pro Fro Ser Lys |ly Pro Thr Val Ar<r Thr Lya 



w val Gly Ly* Aaa Glu Ala Val Leu Glu Trp Asp Gin Leu Pro Val 
Asp Val Gin Asn Gly Phe He arg Asn Tyr «* He Phe Tyr Arg Thr 



525 530 

lie II. Sly A*« Ol» Thr Ala Val Aan Val Aap J« Sar Hi, Thr Clu 
540 545 330 

Tyr Chr Lau Ser Ser Leu Thr Ser Asp Thr Leu Tyr Met val Krg «er 
5S5 560 5 

Ala Ala Tyr Thr Asp 01» Gly Gly Ly= Aap Gly Pro Glu Ph. Tjr PH. 

575 50U 

Thr Thr Pro Ly, Phe Ala Gin Gly Glu lie Glu Ala lie Val Val Pro 
390 595 

Val cys Leu Ala Phe neu l*u Thr Thx z«« *eu Gly val *« Phe Cya 

60S 610 
Phe Aan 1*. at* Aap Lau 11a Ly« Lya His He Trp Pro Asn Val Pro 

520 "* v 
Asp Pro Sex Lys Ser His lie Ala Gin Trp sex Pro His Thr Pro Pro 
635 



640 «4S 



Ar? Bia AS* Phe Aan 6er Lya Aap Gl» Tyr Sar Aap Gly Asn Phe 

«hx Asp val sex val Val Glu He Glu Ala Asn Asp Lys Lys Pro Phe 
670 675 

Pro Gin Asp Leu 
665 

<2) INFORMATION FOR SSQ ID NOs3« 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 705 base pairs 

(B) TYPE; nucleic ecid 
iC) strandedneSS : single 

(O) TOPOLOG*; linear 
Cii) MOLECULE TTPE; CDNA tO IflBKA 
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(iii) HyPOTSETICAl»: NO 
(iv) ANTI-sensc: NO 

(vi±) TMHTtPT** g SOURCES 

(B) CLONE: XxlgGWc 

(&) KZMffl/KEZ: CDS 
(BJ LOCATIOH: 1,-699 

{3d) DESCRIPTION! «2Q » » s3s 

1 5 

- — * «r-a. rr-r: Tea. GTC TTC CTC TTC CCC CCS. AAA CCC 

so 35 

» r»r r»r rw CM- 4il 6CC AM CCC CSS OS ffifi »G 

5 £ ?2 .S! 12 £ ™ S % », «, ox» 3iu <*» 



96 



144 



192 



240 



11S 120 

ca^caca^^c *cc cr* ccc cca *cc cgg ear gs cxe « 

Sg Cl« »re Gin Val Tyr Xbr leu Pro Bro Ber *rg A*p 
130 X35 

145 150 

£ZC GCC ST5 
Tie Ala Val 

165 



^ ggg CAG CCC GAG A&C A&C £AC 



288 



336 



384 



432 



480 



928 
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AAG ACC ACG CCT CCC GTG CTG GAC TCC GAC GGC TCC TTC TTC CTC TAC 576 

lys Tnr Thr Pro Pro Val Leu Asp ser Asp Gly Ser Phe Phe Leu Tyr 



180 



185 190 



ASC AAO CTC ACC OTO QAC AAG AGC AGG TGG CAG CAG GGC AAC GTC TTC 624 
Ser Lys Leu Thr Val Asp Lys Ser Arg Tip Gin Gin Gly Asn Val Phe 
195 200 205 

TCA TGC TCC GTG ATG CAT GAG OCT CTG CAC AAC CAC TAC ACG CAG AAG 672 

Ser Cy* Sex Val Met His Glu Ala Leu His Asn Hie Tyr Thr Gin Lys 
210 215 220 

AGC CTC TCC CTG TCT CCG GGT AAA TEAACTAGT 70S 
Sex Leu 8ex Leu Ser Pro Gly Ly« 
225 230 

(2) INFORMATION FOR SEQ ID NO: 4 s 

(±) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 232 amino acids 

(B) TYPE; amino acid 
(d) TOPOLOGY: linear 

|i±> MOLECULE THE: protein 

(xi) SEQUENCE DESCRIPTIONS SEQ ID NO: 4: 

Glu Pro Arg Ser Cya Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 
x s 10 1» 

Pro Gin Leu Leu Gly Gly Pro ser val Phe Leu Phe Pro Pro Lys Pro 
20 25 30 

Lva Asp Thr Leu Wet He Ser Arg Thx Pro Glu V»l Thr Cya Val Val 
35 «0 « 

Val Asp Val Ser His Glu Asp Pro Glu val Lys p he ash Trp Tyr val 
50 55 60 

Asp Gly Vol Glu Val His Asn Ale Lye Thr Lys Pro Arg Glu Glu Gl» 
65 70 75 60 

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin 

as 90 95 

Asp Trp Leu Asn Gly Lys Asp Tyr Lys Cys Lys Val Ser Asn Lys Ale 
100 105 I 10 

Leu Pro Ale Pro Met Gin Lys Thr He Ser Lys Ala Lys Gly Gin Pro 
" US 120 125 

Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr 
130 13S I 40 

Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Arg 
145 150 155 160 

Hie He Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr 
165 170 1'5 
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^ s T>r jg *~ X*« S~ ~P Pha A. qr 

195 200 

« sar » mt >U «u « «• — £■ ^ ** S " WS 



210 



Ser MO Ser M S« Pro Cly I*s 

(2) INFORMAXIOT TO* BBC IP MO»5s 

(±1 SEQUENCE CHARACTERISTICS: 

CA) LENGTH: 31BZ base pairs 

(B) n?B: nucleic aoid 

(C) stramdEDNBSS: single 

(PJ TOFOXiOGK: linear- 
(iiJ MOLECULE TX*E* cDNA to »RKA 
Ciii} hypothetical: MO 
(iv) ANTI-SENSE: WO 
(v) FRAGMENT TXFE: N-texmiaal 

Cvi) ORIGINAL SOURCE: 

(r> siBBUB TXPKs hvman placenta 

(Vil) IMMEDIATE SOURCE: 

CB) CLONE: pHLirR-65 

(ix) FEATURE: 

(A) NA**E/JCB2t taat^poptioft 

£BJ LOCATION: 311.. 31*2 

(£x) FEATURE I 

(A) NAME /KEY x CDS 

(B) LOCATION: 179.. 3182 

(iat) FEATURE: 

(A) NAME/KB*: »ig_pcptxdo 

(B) LOCATION: 179.-310 

(ia:) FEATURE: 



CA) NAME/KET: mat_pepti<ie 
(B> LOCATIOKt 311 -.31 82 

(3d.) SEQUENCE DESCRIPTION: 5BQ H> »Oj5: 
^Cl*** IC*^^ CIGCXCXdC TCCC^CG TGTCTC^t GCAAGGCACC 60 
eseccCTMC CCKBGCtfa aCTGCfcCITG c^ccmt **c**ctcct ^TCCCXCCT 
caQa ^ GeeJL occrcTGca* crcnTcaic gccctccsgg rctg&cigcjv 



120 
1-78 
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ATG ATG GAT ATT TAC ETA TGT TTG AAA CGA CCA TCC TGG ATG GTG GAC 226 
Met Met Asp He Tyr Val Cye Leu Lys Arg Pro Ser Trp Met Val Asp 
-44 -40 -33 " 30 

AAT AAA AGA ATG A6G ACT GCT TCA AM TTC CAG TGG CTG TTA TCA ACA 274 
Asa 1*8 Arg Met Arg Thr Ale Ser Aen Phe Gin Trp Leu Lou Sor Thr 
-25 -20 -15 

TTT ATT CM CTA TAT CTA ATG AAT CAA GTA AAT AGC CAG AAA AAG GGG 322 
?he He Leu Leu Tyr Leu Mot Asa Gla Val Asa Ser Bin Lys lys Gly 
-10 -s 1 

GCT CCT CAT GAT TTG AAG TGT GTA ACT AAC AAT TTG CAA GTG TGG AAC 370 

Ala Pro His Asp Leu Lys cys val Thr Asn Asn Leu Gin yal Trp Asn 
5 10 15 

TGT TCT TGG AAA GCA CCC TCT GGA ACA GGC C6T GOT ACT GAT TAT GAA 418 

Cys Ser Trp Lys Ala Pro Ser Gly Thr Gly Arg Gly Tlir Aap Tyr Glu 
2S 30 35 

GTT TOC ATT GAA AAC ASG TCC COT TCT TGT TAT CAG TTG GAG AAA ACC 466 
Val Cys lie Glu Asn Arc; Ser Arg Ser Cys Tyr Gin Leu Glu Lys Thr 

45 50 



40 



514 



AGT ATT AAA ATT CCA GCT CTT TCA CAT GOT GAT TAT GAA ATA ACA ATA 
S«r II© Lys II© Pro Ala Leu Ser His Gly Asp Tyr Glu lie Thr lie 
35 60 65 

AAT TCI CTA CAT 6AT TIT GGA AST TCT ACA AGT AAA TTC ACA CTA AAT 562 
Asn Ser Leu Hie Aep Phe Gly Ser Ser Thr Ser Lys Phe Thr Leu Asn 
70 75 80 

GAA CAA AAC GTT TCC TTA ATT CCA GAT ACT CCA GAG ATC TTG AAT TT© 810 
Glu Cla' Asn Val Ser Leu He Pro Asp Thr Pro Glu He Leu Asn Leu 
85 90 93 100 

TCT GCT GAT TTC TCA ACC TCT ACA TTA TAC CTA AAG TGG AAC GAC AGG 658 
Ser Al» Asp Phe Ser Thr Ser Thr Leu Tyr Leu Lys Trp Asa Asp Arg 
105 HO 115 

GGT TCA GTT TTT CCA CAC CGC TCA AAT GTT ATC TGG GAA ATT AAA GTT 706 
Gly Ser Val Phe Pro His Arg Ser Asa Val He Trp Glu lie Lye Val 
J 120 125 130 

CTA CGT AAA GAG AGT ATG GAG CTC GTA AAA TTA GTG ACC CAC AAC ACA 754 
ieu Arg Lys Glu Ser Met Glu Leu Val Lys Leu Val Thr His Asa Thr 
135 140 145 

ACT CTG AAT GGC AAA GAT ACA CTT CAT CAC TGG AGT TGG GCC TCA GAT 

Thr Leu Asn Gly Lys Asp Thr Leu 81s Bis Trp ser Trp Ala ser Asp 
150 155 160 

ATG CCC TTG GAA TGT GCC ATT CAT TTT GTG GAA ATT AGA TGC TAC ATT 

Met Pro Leu Glu Cys Ala He His Phe Val Glu He Arc Cys Tyr lie 

i6a no i»o 

GAC AAT CTT CAT TTT TCT GGT CTC GAA GAG TGG AST GAC TGG AGC CCT 89B 
Asp Aen Leu Hie Pha Ser Gly Leu Glu Glu Trp Ser Asp Trp Ser Pro 
185 19° 1"5 



802 



850 
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230 235 

SSSSS5SS5SS5S5S S 

245 250 

sssssssssasssss 5 
ssssssssss'sssgss- 

280 ZHS 

m/M1 _. r ca.T gat ri& iaa- Gft^ bit ata mt as* 

a s s ^ s s; z s s * - a * s 

293 



293 

GG& £GG GTS 
Cly Arg 

325 330 

TAT CAB. TTA TTA TIT CAS. ATG CTT 

cer ffli gcr ccr aca *ac » « »* c£ phe to ^ z«s 

Ala 6la al» Pro ^kr CLu Ser iy 355 

»*» tat AAS ttj aca? TTG AM? GCT CAC JAT CCG CTG 

oa *»* o& a* in as u* Jt» &sa &la Hls ^ * ro ieu 



ACT cjjl AAA. GOT TAT 

375 3Bff 

A j.-rt flM « ill A&T TCA ACX GCT 

««» nr-* nrr rac TTT GCA AAA ATI AA* **« 

405 410 

£^u C*» Gl« He do He iys lys Ser Jan be*: 



946 



994 



1042 



1090 



1138 



1186 



1234 



1282 



1330 



1378 



1426 



1474 



1522 
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^ GTC ACA ATC AAA GGA GTA GAA AAT^TCA AGT TAX CTT GTT GCT CTG 1666 
Val Thr lie Lys Gly val Glu Asn Ser So* Ty* Leu Val Ale Leu 



440 



»AG TTA AAT CCA TAC ACT CTA TAT ACT TTT CGG ATT CGT TGT TCT 
%l Ss S IS £r Tbr leu Tyr Thr Pne Arg Ha Arg Cy* Ser 



435 



470 47S 

2SSSSSS2SSSSSS3S 
S = = SSJSS = SSSSJSSSS 

520 525 

TC A GAT GAG GAA ACA CAG TCC CTT TCT GAA ATC CCT GAT CCT CAG CAC 

fiS Sp G1U G1U TAr Gin Ser Leu Ser Glu He Pro Ajp Pre Gl» Hi. 

535 540 

AAA OCA GAG ATA CGA CTT GAT AAG AAT SAC TAC ATC ATC AGC GTA GTG 

^ Ala Glu lie Arg Leu Asp Lys Asn Asp Tyr lie He Be* v*l vel 
550 555 

*-r >A* AAT TCT GTG GGC TCA TCA CCA CCT TCC AAA ATA GCG AGT ATG 
£1 £n IS vlt Sly Ser Ser Fro Pro Ser Lys He Ala Ser Met 

SJ2SSJS £ s ssss S5 s - s i s 

600 605 



5 S S 5! SS SI i= S 2 3 S? S. S SS 3 S 
S g E £ S 5 2 S S E - S - S S 



W GAG TTT CGA CCA GGT ATA AGA TAT AAT TXT TTC CTG TAT .« 
Sp Glu Pile Arg Pro Gly lie *** *y« *•» »J Pha ^ *» r Gly 



645 «0 



ASA AAT CAA GGA TAT CAA TTA TTA CGC TCC ATG ATT GGA TAT ATA GAA 
Azff Aaa Gin Gly Tyr Gin Leu Leu Arg Ser Met He ciy y ^ 



1714 



1762 



1810 



less 



1906 



1934 



2002 



2050 



2098 



2146 



2104 



2242 



2290 



2338 
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„ __, uv mmm j>ct GTT GAG SAT ACT TCX 

IIS «? CCC MT «T « MT «« K» ^» ^ ^ _ 



£SS£S S 55S ». m ~ - «s ^ e ~ . 

680 eB5 

nvm rac ATT CCT GTG GAA GAA CTT 

— « »n* TAT TTG TIT »C TTT «3A AAA CGA CftA *GA 

£ IS " S ^ 5 £ 5 S «» «r w -r — 

.„ arr a «m m«* cm TC A GGX CM TCT eAC ATA AAA 

2£ IS 12 S S S S S K *~ » *~ n. «. 

760 765 
« «.* ««e eee CkG AAG ACT ATG TAT GTS GTG AC& AA© GAA AASt 
°g ?2 S IS £S ser «et Tyx vel Val Th* ty * «. Asn 
775 780 

780 795 

805 610 

^ — m*<* r>i-m riT 2.TT ca iAT CCA GAA AAC TGT AAA 

>fVP c^G CC* AGC ACT GCT CTT AAA 

s s a s: £ s^z is s: ... »« fsS — *- 

_ _~ a-m »« T CTT CAS GOT CTG GAA 

ass 860 

mm mr*& am TTT CCT AAA ASA GAA GAT ACA GAA ATA ATT TCC CCA 
670 875 

OCT GAS C6T CCS? GAA GAT CSC TCT GAI ©CA QA6 CCT GfcA AAC 
S3 Ala Glu Azg Pro Glu Asp Ar* Sex a« p Al» Glu Pro w. mo 
885 890 

gl6 STT SI© SOC TAJP IGS CCA CCC ATC ATT GAG GAA GAA ASA CCA AAC 
Si Val Val Ser Tyr Cjs Pro Pro He Ilj 61* Giu ^ ^ 
90S * iU 



2366 



2434 



2482 



2530 



2578 



262£ 



2674 



2722 



2770 



2816 



2866 



2914 



2952 
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CCA GCC CCA GAT GAA GCT GGA GGG ACT GCA CAG GTT ATT TAC ATT GAT 3106 
Sro Ala Ala Asp Glu Ala Gly ely Thr Ala 8ln Val He Tyr He Asp 
P20 825 =30 



GTT CAG TCG ATG TAT CAG CCT CAA GCA AAA CCA GAA GAA AAA AAA AAA 

Val Sin Ser Met Tyr Gin Pro Gin Ala Lye Pre Glu Glu Lys Lye Lys 
935 »40 »« 

AAA AOC AGG TCO TCT CGT TCC AAG ATC T 
Lys Ser Arg Ser Ser Arg Ser Lys He 
950 955 

(2> INTOBMATIOM FOR SEQ ID MO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

[A) LENGTH: 1001 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOG2T: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID HO: 6: 

Met Met Asp He Tyr Val Cys Leu lys Arg Pro ser Trp Met val asp 
-40 -35 " 30 

Asn Lys Arg Met Arg Thr Ala Ser Asn Phe Gl» Trp Leu Leu Sox" Thr 
-25 -20 "15 

Phe He Leu Leu Tyr Leu Met Aen Gin Val Asn Ser Gin Lys Lys Gly 
-10 -5 1 

Ala Pro His Asp Leu Lys Cys Val Thr Asn Asn lieu Gin Val Trp Aen 



5 



10 is 20 



Cys Ber Trp Ly* Ala Pro Ser Gly Thr Gly Arg Gly Thr Asp Tyr Glu 
25 30 35 

Val Cys He Glu Asn Arg Ser Arg ser cys Tyr Gin ieu Glu Lys Thr 
40 ' 45 • 50 

Oer He lys He Pro Ala Leu Ser Hie Gly Asp Tyr Glu Ho Thx He 
55 60 65 

Asn ser Leu His Asp Phe Gly Ser Ser Thr Ser Lys Phe Thr l«u asn 
70 75 80 

Glu Gin Asn val Ser Leu He Pro Asp Thr Pro Olu He Le» Aon Leu 
05 90 95 iUU 

Sex Alt Aep Phe 6ex Thr Ser Thx Leu Tyr Leu I.ys Trp Asn Asp Arg 
105 H° • 115 

Gly Ser Val Phe Pro His Arg Ser Asn val He Trp Glu He Lys Val 
* 120 125 130 

Leu Arg Lys Glu Ser Met Glu Leu Val Lys Leu Val Thr Hie Asn Thr 
135 I 40 145 



3154 



3182 
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■ ^ Hi K Bis Irp Sex Ttp Ala ser Asp 

Thr i*u Asn Gly I*« Asp l|= X*u Hi* » =p iw 

^ «. ^ «. «. s a- - « « ss =- w *• a 



" * 190 



is Ph e sex sly I- «!! ^ ^ SI "° 

1&5 

~ ~« S5 - , - S *" ~ 

el, W ~ - ^ £J ~ "° £ ^ 

215 

, r 9 « Ala I*» 1^ Gly His mr Asn Cya Pro 
Sor sin Gltt K7B val teu Se* Ala x*» ^ 240 

^ ue «. -j ~ « a ~ 110 ~ to a 

.„ ~ ~ ~ ~ 1^ " ^ 
„. « » g - ~ - - ° W 551 - ~ *~ 

^ «. « 1 c m* ™ g. «p - ~ - g; «« ~ S « 

w w p„ w ~* ~ S - ~~ ■* SIS 419 -~ 
^ ~ _ - s - - «* ~ gf ~ ~ te ' « 

^ «. ffi - - - * a *- - al ° ss - 

tro M „ «. « - - - -j- - - 5S "° teo 

ay „ jg L ser « ^ J- ~ - - - S WS ^ ^ 

„ Z *~ - - 5 *■ ~ - - So *" E " "* 

»-« Piia Ala lys lie ASH Pfce 
VbI lye X»w swr Trp His Lea Pro <»y * an g| * *" 

405 410 

_ c pr val Gin Gl» q3m - 

I*u C*s Gin lie J» Xle ^ *~ ^ * 3S 

Ml Val Ar XI* I** ^ a » ^ ^* 450 
440 



L©u Val Ala Leu 
450 

« P» »r ^J.; ^» - S! W * S " 



455 
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Thr Glu Thr Phe Trp Lye Trp S*r Lys Trp Ser Asn l*s Lys Gin His 
TIW 470 * 475 460 

leu Thr Thr Glu Ala Ser Pre ser Lys Gly *ro As? Thr Trp Arg Glu 
485 490 485 

Trp Ser Ser Asp Gly lys A» Leu lie lie Tyr Trp Lys Pro Leu Pro 

He Asn Glu Ala Asn Cly Lys He Leu Ser Tyr Asn Val Ser Cys ser 

Ser Asp Glu Glu Thr Gin Ser Leu Ser elu He Pro Asp Pro Gin His 

535 540 5flS 

X, X5 Ale Glu He Lys Ma -Asp Tyr lie lie Ser Val Val 

X 550 555 560 

Ala Ly. Asn So« val Gly Ser Ser Pro Pro Sex Lys He Ala ser mk 

565 570 575 

G1U He PXO ASH Asp Asp Leu Ly* He Glu Gin Val Val Cly Met Gly 



585 



w s Gly lie L«u Leu Thr Trp His Tyr Asp Pro Asn Met Thr Cys Asp 
V - ^ 600 605 WO 

Ty t Val lie Lys Trp Cys Asn Ser ser Axg Ser Glu Pro Cye Leu Met 

615 6 20 6 " 

A5P T rp Arg Lys Vel Pro Ser An Sex T»r Glu Thr Val He Glu Ser 

Asp Glu Phe Arc Pro Gly He Arg. Tyr Asn Phe Phe Leu Tyr Gly Cyj 
643 650 

Arg Asn Gin Gly Ty* Gin L*« Leu Ar 9 Ser Met He Gly Tyr lie Glu 

do Leu Ala Pro lie Val Ala Pro ASH Phe Thr Val Glu Asp Thr Ser 
660 685 

•Ala Asp Ser lie Leu Val Lys Trp Glu A» P He Pro Val Glu Glu Leu 

Arg Gly Phe Leu Arg Gly Tyr Leu Phe Tyr Phe Gly Iff* G1Y «» **g 

710 7 1* 720 

Asp Thx Ser Lys Met Arg val Leu Glu ser Gly Arg Ser As P He Lye 
725 730 

Val LVB ASH He Thx Asp lie 6er Gin Lys Thr Leu Arg lie Ala Asp 

745 750 

Leu Gin Gly Ly. Tbr Ser Tyr His Leu Val Leu Arg Ala Tyr Thr Asp 

760 765 
Gly Gly Val Gly Pro Glu Lys ser Tyr v*l vol Thr Lye Glu Ae» 
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T1 VI. Tie L€U lie *r© Vai Ala Val Ala Val 

8er vai siy 118 lle ^| Ile MU 80C 

790 



«x ^ ~ « - «u «. «yx »xg W . — JJ 

"1 x.. ~ «- «• BS ~ E " ei ° " n 3 **■ 

tftj. eve Gin Gly Ser Ser Ala Lett iys 
Ala l« Gin Ph* Sin iffs »« Val S5 650 



640 



855 



^ T hr clu He He Ser Bro 
Chr W P ** FXO JK P 880 

«x M a G» ~» - ^ ~ " P £ ^ ™ " " S 

BBS 890 

val Val. val tar Tyr Cys Pro Pro He XI. «» - ^ 



Glu Glu Xi* Pro Asn 

Sro ^ M a «p «. — -» •* £ »»■ *» ™ Ile go 116 A5P 



« - « w * ly * ^ 



935 

»b ser Arc Ser ser Arg- Jer l*» 

950 953 
(2} nnroRM^raoN for seq id ho:7: 

fx) SEQUENCE CHARACTERISTICS ! 

(A) LENGTH: 100 base pe±» 

(B) SPSPEs nweloie acid 

(C) STRSNDEDNESS: double 
pj (roPOJ-OGY: linear 

(H) MOIfiCOUS TXPEi c£aia - 

(3cL) 55Q0ENCB PS6CRlP5IO»» SSQ B> NO: 7: 
^CC^ 03**3*0^ CTXC^C* T^G^C 

O^CAGGIGG AGGA5GTTCT GTTCCGGAAT 
(2) 2HFORM&TICN FOR BED »»:8s 

tiJ SEQUENCE CHARacrBRlSnca: 

(A) lasueTBt 36 ba«» pai*s 

(B) type: nucleic acia 

(C) SXRaNDBDHBSSj ■l*ffle 
(D> TOPOlOGX: lines* 

(i£J MOXBCOUB TXPEf CDNA 
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(iti) . SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
QATATGTCGA CGATGATGGA TATTTACGTA TGTTTG 
<2) INFORMATION FOR SSQ IP NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 
^C) STRANDEDNESS : single 
(DJ TOPOLOGY: linear 

<ii) MOLECULE TYPE: CDNA 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

GCATGGATCC ACCTCCTCCA GAATTTTCCT TTGTCACCAC ATACATAC 

(2) INFORMATION FOR SEO ID NO;10: 

(±5 SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 49 base poira 
<B>* TYPE: nucleic acid 
iC) STRANDEDNESS: ©ingle 
(D) TOPOLOGY* linear 

(ii) MOLECULE TYPE: cDNA 

<Xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
CGCGTCCGGA GGAGGTGGAT CTGAACTTCT AGATCCATGT GGTTATATC 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS; aingle 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(ati) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

GCATGCGGCC GCCTATTCAA TTTCTCCTTG AGCAAAC 

(2) INFORMATION FOR SEQ ID NO:12: 

{i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH i 35 base pairs 

(Bj type: nucleic acid 

<C5 STRANDED NESS i single 
(DJ TOPOLOGY: linear 
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(Xl) SEQUENCE DBSCRXPMOtf* BBQ ID »0:12! 
CMaSOTCG* CAA6ATGTTG ACBXTSCM* CTTSS 
{2 > UJFOBMAIXOH FOR SEQ ID MOtlS: 

lil SEQUENCE CSARACXERISTXCS: 

(A) xfiHOTBt 41 base pairs 
{B) tspes aucleic acid 

(D) TOffOLOGYi linear 

(ii) MOLBCUIX KXPEs eDNA 

(xl) afiCDBNCB PESCfiXSTlOSr SEQ H> W?:l3: 

eo^rcc aC cscc*ccT xc^ttctc cttgegc^ c 

( 2) HjrOS»S!XOH FOB. SBO XD N0:14: 

fiJ SEQDESCB CHARACTERISTICS: 
(Jk> LBNBXB: 44 base peii** 

(B) XX^Sx nucleic acid 

(C) STBANDEDHB8S: single 

(D) SOrOLOSSft lin»«r 

(li) MoiiccoiiB TXPEt craa 

l,d.) SEQOKNCB DBSCRXSXXOW: SEQ ID N0:14: 
CSCGTCCGGB GGfcfleiGOT* GCCAG^ OGGGGCTCCT CATG 

(2) mroBMaxxou roR sbQ n> moiISs 

fiJ SEQUENCE CH»»ACXERXeTXCS t 
{ (A) LENGTH: «3 base pairs 
(S) TOT: nucleic eei«i 

(C) STRANDEDNESS : «l»(f« 

(D) TOPOLOGY: li np a r 

(U) MOLECULE TXEB: cDKB. 

( «i> SEQDEWCE DESCRIPTION: 5BQ XD N0:1S: 

ec^ecsGCC gctaacwot ttcctttgtc accacatac* «e 

(2) islPOIttiATXOK TOR SEQ XD HO:l6: 
M) SEQPEMCS Cffl*ACTBMSTXCS: 

(a.) LENGTH: 45 base paixs 
p>) T»fi: rmoleio acid 
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(C) STRANDEDNESS ! eingl© 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cDNA 



(ki) * SEQUENCE DESCRIPTION: SEQ ID NO:16; 
OCATAQATCT GGGCTCAGAA TTTTCCTTTG TCACCACATA CATAC 
(2) INFORMATION FOR SEQ ID MOtlli 

(i) SEQUENCE CHARACTERISTICS t 
(A) LENGTH: 38 base pairs 
(©) TYPE: nucleio acid 

(C) strandedneSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GCATAGATCT GGGCTCTTCA ATTTCTCCTT GAGCAAAC 
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CLAIMS 

yfiiai is claimed is: 

5 i. A receptor capable of binding oncosmk M and feakemia inhibitory 

fe^or, corsprisinfi EPl30 covalcDtly Enlced to UF-R- 

_ „ ni-in. i wherein said receptor comprises a 

1 A receptor according to claim i, 

3 . Axeceptor .ceding to date 1 whereto ^xceeprorc^cs gpl30 
cogently IMxd to UF-R via a polypeptide linker. 

4. A receptor „ccoriin E •» data 3, wherein said receptor Is a recombinant 
ftson protein of the formula: 

Rj-L-Ra or Ra-L-Ri 

Enter. 

< A receptor according 10 claim A wherein die polypeptide Tartest 
^ acas selected from *e S™P con^s of 

25 ^ara^seiine.ttaeoi^andalnnne. 

6 A receptor according to claim 5 herein tie polypeptide linker 
^^ananino .da^ce selected ^te^coe^ of : 

7. An isolated DNA sequence encoding the receptor of claim 4. 

A recombinant expression vector comprint* tie DNA sequence of 

daim7. 

9 . A hosted containing the e^essioBvector of claim8. 



15 
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10. • A receptor according to claim 3, comprising a first fusion polypeptide 
jhat comprises an antibody Fc region polypeptide attached to the C-ierminus of.gpl30. 
and a second fusion polypeptide that comprises an antibody Fc region polypepnde 
auached to the C-terminus of LIP*, wherein said first fusion polypeptide is linked 10 

3 said second fusion polypeptide via disulfide bonds between the Fc region polypeptides. 

11. A receptor according to claim 1, 4, or 10, wherein; 

a) said gpl30 is encoded by an isolated DNA selected from die group 
10 consisting* afirstDNA sequence comprising nucleotides 244-2369 of SEQ ID NO:l, 
a gecond DNA sequence comprising nucleotides 310-2369 of SEQ ID NO:l, and a 
Xhird DNA sequence thai will hybridize to said second DNA sequence under moderately 
.stringent conditions; and 

15 b ) said LIF-R is encoded by an isolated DNA selected from the group 

consisting of a first DNA sequence comprising nucleotides 179-3182 of SEQ ID NO:5, 
a second DNA sequence comprising nucleotides 311-3182 of SEQ ID NO:5, and a 
third DNA sequence that will hybridize to said second DNA sequence under moderarely 
stringent conditions. 

20 

12. A receptor according to claim 10 wherein said gpl30 is a soluble gpl30 
polypeptide and said LIF-R is a soluble LTF-R polypeptide. 

13. A fusion protein comprising an antibody Fc region polypeptide attached 
25 to the C-tenninus of a soluble gpl 30 polypeptide. 

14. An isolated DNA sequence encoding a fusion protein according to claim 

13. 



30 



35 



15. A fusion protein comprising an antibody Fc region polypeptide attached 
to the C-terntinus of a soluble LIF-R polypeptide. 

16. An isolated DNA sequence encoding a fusion protein according to claim 

IS- 

17. A horjiodlmeric receptor comprising two fusion proteins according to 
claim 15, linked via disulfide bonds between theFc region polypeptides. 
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is " A process f« preparing a receptor according to claim 4, comprising 

said fusion protein under conditions that promote express of «ud . 
5 fusion protein, and recovering said fusion protein. 

19 A process for preparing a receptor according to claim 10. comprising 
culiuring a ho* cell cc-transfected with a firsi opnta vector encoding sari fi*t 

*Svp^^ 
10 polypeptide under condition, t^t promote session of 5S ud first and second msion 

polypeptides, and recovering said icccptor. 

20 A pharmaceutical composition for treating a disorder mediated by 
oncosuoJi M or UP* comprising the receptor of claim 1, 4, 1 0, or 12, and a suitable 

15 diluent or caxxlec 
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